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President’s Message 


Dear Customer: 


Total customer satisfaction is Xicor’s number one goal. Xicor provides the most extensive product 
offering to satisfy your needs in field-programmable nonvolatile microperipherals and support 
memory chips containing E7PROM, NOVRAM, E?POT and others. These CMOS products are 
available in a wide variety of speeds, voltages, package types, and a variety of interface 
configurations. The majority of the products are offered with extended temperature ranges, and 
many comply with all the requirements of MIL-STD-883 Revision C for Class B products. 


Xicor has shipped to its customers close to 150 million units; new, innovative products will join them 
as a result of our extensive research and development activities. Xicor’s worldwide sales, 
marketing and applications organizations are dedicated to supporting your requirements. We 
appreciate your business and look forward to supplying your present and future requirements. 


.cO C_ 


Raphael Klein 
President 
December, 1991 


Second Printing 
June, 1992 

Printed in U.S.A. 

© XICOR, INC., 1992 
All Rights Reserved 
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Xicor offers the best applications support 


in the industry to our customers. 


Field Applications Engineers in each sales office 
Factory Applications Support HOTLINE at (408) 432-8888 

On line Applications Bulletin Board (800) 258-8864 —1200 or 2400 baud 
Interfacing Software available on the Applications Bulletin Board 
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U.S. SALES OFFICES 


Northeast Area 

Xicor, Inc. 

1344 Main Street 

Waltham, Massachusetts 02154 
Phone: 617/899-5510 

Fax: 617/899-6808 


Southeast Area 

Xicor, Inc. 

201 Park Place 

Suite 203 

Altamonte Springs, Florida 32701 
Phone: 407/767-8010 

Fax: 407/767-8912 


Mid-Atlantic Area 

Xicor, Inc. 

50 North Street 

Danbury, Connecticut 06810 
Phone: 203/743-1701 

Fax: 203/794-9501 


INTERNATIONAL SALES OFFICES 


Northern Europe Area 
Xicor, Ltd. 

Hawkins House 

14 Black Bourton Road 
Carterton 

Oxford 0X8 3QA 

United Kingdom 

Phone: (44) 993/844.435 
Telex: (851) 838029 
Fax: (44) 993/841.029 


Central Europe Area 

Xicor GmbH 

Technopark Neukeferloh 
Bretonischer Ring 15 

W-8011 Grasbrunn bei Muenchen 
Germany 

Phone: (49) 89/461.0080 

Telex: (841) 5213883 

Fax: (49) 89/460.5472 


Xicor GmbH (Korntal) 
Steinbeisstrasse 9 
W-7015 Korntal 1 
Germany 

Phone: (49) 711.83.76.36 
Fax: (49) 711.83.80.521 
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North Central Area 

Xicor, Inc. 

953 North Pium Grove Road 
Suite D 

Schaumburg, Illinois 60173 
Phone: 708/605-1310 

Fax: 708/605-1316 


South Central Area 
Xicor, Inc. 

9330 Amberton Parkway 
Suite 137 

Dallas, Texas 75243 
Phone: 214/669-2022 
Fax: 214/644-5835 


Southern Europe Area 
Xicor Sarl 

27 Avenue de Fontainebleau 
94270 Le Kremlin Bicetre 
France 

Phone: (33) 1/46.71.49.00 
Telex: (842) 632160 

Fax: (33) 1/49.60.03.32 


Japan Area 

Xicor Japan K.K. 

Suzuki Building, 4th Floor 
1-6-8 Shinjuku, Shinjuku-ku 
Tokyo 160 

Japan 

Phone: (81) 3/3225.2004 
Fax: (81) 3/3225.2319 


Southwest Area 

Xicor, Inc. 

4100 Newport Place Drive 

Suite 710 

Newport Beach, California 92660 
Phone: 714/752-8700 

Fax: 714/752-8634 


Northwest Area 

Xicor, Inc. 

2700 Augustine Drive 

Suite 219 

Santa Clara, California 95054 
Phone: 408/292-2011 

Fax: 408/980-9478 


Korea/Taiwan/Hong Kong Area 
Xicor, Inc. 

4100 Newport Place Drive 

Suite 710 

Newport Beach, California 92660 
Phone: 714/752-8700 

Fax: 714/752-8634 


Singapore/Malaysia/India Area 
Xicor, Inc. 

2700 Augustine Drive 

Suite 219 

Santa Clara, California 95054 
Phone: 408/292-2011 

Fax: 408/980-9478 
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Let our Applications Team turn 
your ideas into reality! 


Fact Sheets contain information on products under development. Xicor reserves the right to 
change these specifications or modify the product at any time, without notice. 


Advance Information Data Sheets contain typical product specifications which are subject to 
change upon device characterization over the full specified temperature range. Xicor reserves the 
right to change these specifications or modify the product at any time, without notice. 


Preliminary Data Sheets contain minimum and maximum limits specified over the full tempera- 
ture range based upon initial production device characterization. Xicor reserves the right to change 
these specifications or modify the product at any time, without notice. 


Final Data Sheets contain minimum and maximum limits specified over the full temperature range 
for production devices. 


Contact your local Xicor sales representative to obtain the latest specifications prior to order 
placement. 


Xicor and Xicor is a trademark of Xicor, Inc. 

AUTOSTORE™, E2POT™, DirectWrite’’, Identi’™ PROM, Store-Lock™ and CONCURRENT 
READWRITE'™ are trademarks of Xicor, Inc. 

NOVRAM is Xicor’s nonvolatile static RAM device. 

COPS™ is a trademark of National Semiconductor Corp. 


LIMITED WARRANTY 

Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing In its Terms of Sale only. Xicor, Inc. makes 
no warranty, express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. Xicor, Inc. makes no warranty of merchantability or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue production and change specifications and prices at any time and without notice. 


Xicor, Inc assumes no responsibility for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 
licenses are implied. 


US. PATENTS 

Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212: 4,314,265; 4,326,134; 4,393,481: 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482: 4,874,967; 4,883,976; 
4,980,859; 5,012,132; 5,003,197; 5,023,694. Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations where semiconductor component failure may endanger life, system designers using this product should design the system with 
appropriate error detection and correction, redundancy and back-up features to prevent such an occurrence. 


Xicors products are not authorized for use as critical components in life support devices or systems. 

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used In accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 

2. Acriticalcomponentis any componentof alife support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


X22C10 
X22C 12 
X20C04 
X20C05 
X20C 16 


NOVRAMS 


X24C44 
X24C45 


E7PROMS 


X24C00 
X24001 
X24C01 


X24C01A 


X24012 
X24C02 
X24022 
X24C04 
X24042 
X24C08 
X24C16 
X24164 
X25C02 
X25010 
X25020 
X25040 
X76041 


Table of Contents 


SECTION 1 - NOVRAM DATA SHEETS 
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SECTION 2 - SERIAL PRODUCTS DATA SHEETS 
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*“NOVRAM is Xicor’s nonvolatile static RAM device. 
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Precautions for the Handling of MOS Devices 


Xicor products are designed with effective input protection to prevent damage to the devices under most conditions. 
However, any MOS circuit can be catastrophically damaged by excessive electrostatic discharge or transient 
voltages. The following procedures are recommended to avoid accidental circuit damage. 


1. Testing MOS Circuits: 


1. All units should be handled directly from the conductive or antistatic plastic tube in which they were shipped 
if possible. This action minimizes touching of individual leads. 


2. If units are to be tested without using the tube carrier, the following precautions should be taken: 


a. Table surfaces which potentially will come in contact with the devices either directly or indirectly (such as 
through shipping tubes) must be metal or of another conductive material and should be electrically 
connected to the test equipment and to the test operator (a grounding bracelet is recommended). 


b. The units should be transported in bundled antistatic tubes or metal trays, both of which will assume a 
common potential when placed on a conductive table top. 


c. Donotbandtubes together with adhesive tape or rubber bands without first wrapping them in a conductive 
layer. 


ll. Test Equipment (Including Environmental Equipment): 


1. Allequipment must be properly returned to the same reference potential (ground) as the devices, the operator, 
and the container for the devices. 


2. Devices to be tested should be protected from high voltage surges developed by: 
a. Turning electrical equipment on or off. 
b. Relay switching. 
c. Transients from voltage sources (AC line or power supplies). 
lll. Assembling MOS Devices Onto PC Boards: 
1. The MOS circuits should be mounted on the PC board last. 
2. Similar precautions should be taken as in Item 1 above, at the assembly work station. 
3. Soldering irons or solder baths should be at the same reference (ground) potential as the devices. 
4. 


Plastic materials which are not antistatic treated should be kept away from devices as they develop and 
maintain high levels of static charge. 


IV. Device Handling: 

1.Handling of devices should be kept to a minimum. If handling is required, avoid touching the leads directly. 
V. General: 

1. The handler should take every precaution that the device will see the same reference potential when moved. 


2. Anyone handling individual devices should develop a habit of first touching the container in which the units 
are stored before touching the units. 


3. Before placing the units into a PC board, the handler should touch the PC board first. 


4. Personnel should not wear clothing which will build up static charge. They should wear smocks and clothing 
made of 100% cotton rather than wool or synthetic fibers. 


5. Be careful of electrostatic build up through the movement of air over plastic material. This is especially true 
of acid sinks. 


6. Personnel or operators should always wear grounded wrist straps when working with MOS devices. 


7. A1meg ohm resistance ground strap is recommended and will protect people up to 5,000 volts AC RMS or 
DC by limiting current to 5 milliamperes. 


Antistatic ionized air equipment is very effective and useful in preventing electrostatic damage. 


9. Low humidity maximizes potential static problems. Maintaining humidity levels above 45% is one of the most 
effective ways to guard against static handling problems. 
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NOVRAM is Xicor’s nonvolatile static RAM device family. 
E2POT™ is a trademark of Xicor, Inc. 
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Advance Information 


256 Bit X22C10 64x 4 
Nonvolatile Static RAM 
FEATURES DESCRIPTION 


® High Performance CMOS 

—120 ns RAM Access Time 

High Reliability 

—Store Cycles: 1,000,000 

—Data Retention: 100 Years 

Low Power Consumption 

—Active: 40 mA Max. 

—Standby: 100 yA Max. 

Infinite Array Recall, RAM Read and Write Cycles 
Nonvolatile Store Inhibit: Vcc = 3.5V Typical 
Fully TTL and CMOS Compatible 

JEDEC Standard 18-Pin 300-mil DIP 

100% Compatible with X2210 

—With Timing Enhancements 


The X22C10 is a 64 x 4 CMOS NOVRAM featuring a 
high-speed static RAM overlaid bit-for-bit with a non- 
volatile E-PROM. The NOVRAM design allows data to 
be easily transferred from RAM to E7PROM (STORE) 
and from E?PROM to RAM (RECALL). The STORE 
operation is completed within 5 ms or less and the 
RECALL is completed within 1 ps. 


Xicor NOVRAMS are designed for unlimited write opera- 
tions to the RAM, either RECALLs from E2PROM or 
writes from the host. The X22C10 will reliably endure 
1,000,000 STORE cycles. Inherent data retention is 
greater than 100 years. 


FUNCTIONAL DIAGRAM 


NONVOLATILE E2PROM y, 


Ao > eam 

ROW STATIC RAM 
Ay L8——1 seLect MEMORY ARRAY 
Ay > ee 


CONTROL 
LOGIC 


COLUMN 
I/O CIRCUITS 


© Xicor, 1991 Patents Pending 
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PIN CONFIGURATION 


SOIC 


STORE Ao 3 14F4 1/0, 
ARRAY Ay xoscig p40 
RECALL Ay CH 12F4 1/0, 

cs 76 114 v0, 
Vos C7 104 WE 
STORE C78 94 RECALL 
———YCo 
——Vss 3815 FHD FO8 
PLASTIC DIP 
CERDIP 


18} J Vcc 
17 L_J NC 


A313 16 [FJ As 
A, (4 15[-] v0, 
A,(J5 x22C10 14/71 1/0, 
A, (16 13. (J vo, 
ecla7 127) 0, 
Vsg (18 11) WE 
STORE [_]9 10 [7] RECALL 


3815 FHD F01 
3815 FHD F02 


Characteristics subject to change without notice 


X22C10 


PIN DESCRIPTIONS AND DEVICE OPERATION 


Addresses (Ao—As) 


The address inputs select a 4-bit memory location 
during a read or write operation. 


Chip Select (CS) 


The Chip Select input must be LOW to enable read or 
write operations with the RAM array. CS HIGH will place 
the I/O pins in the high impedance state. 


Write Enable (WE) 


The Write Enable input controls the I/O buffers, deter- 
mining whether a RAM read or write operation is en- 
abled. WhenCS is LOW and WE is HIGH the I/O pins will 
output data from the selected RAM address locations. 
When both CS and WE are LOW, data presented at the 
I/O pins will be written to the selected address location. 


Data In/Data Out (1/0;-1/O4) 


Data is written to or read from the X22C10 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CS is HIGH or during either a store or 
recall operation. 


STORE 


The STORE input, when LOW, will initiate the transfer of 
the entire contents of the RAM array to the E7PROM 
array. The WE and RECALL inputs are inhibited during 
the store cycle. The store operation is completed in 5 ms 
or less. 


A store operation has priority over RAM read/write 
operations. If STORE is asserted during a read opera- 
tion, the read will be discontinued. If STORE is asserted 
during a RAM write operation, the write will be immedi- 
ately terminated and the store performed. The data at 
the RAM address that was being written will be unknown 
in both the RAM and E?PROM arrays. 
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RECALL 


The RECALL input, when LOW, will initiate the transfer 
of the entire contents of the E*-PROM array to the RAM 
array. The transfer of data will be completed in 1 ps or 
less. 


An array recall has priority over RAM read/write opera- 
tions and will terminate both operations when RECALL 
is asserted. RECALL LOW will also inhibit the STORE 
input. 


Automatic Recall 


Upon power-up the X22C10 will automatically recall 
data from the E7PROM array into the RAM array. 


Write Protection 


The X22C10 has three write protect features that are 
employed to protect the contents of the nonvolatile 
memory. 


° Vcc Sense—All functions are inhibited when Vcc is 
<3.5V typical. 


Write Inhibit—Holding either STORE HIGH or 
RECALL LOW during power-up or power-down will 
prevent an inadvertent store operation and E7PROM 
data integrity will be maintained. 


Noise Protection—A STORE pulse of typically less 
than 20 ns will not initiate a store cycle. 


PIN NAMES 


Wed Wte Enable 
eS_* Chip Select 


No Connect 


3815 PGM T01 


X22C10 


ABSOLUTE MAXIMUM RATINGS COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ....................0 —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin With This is a stress rating only and the functional operation of 
Respect to Ground ..................066 —1.0V to +7.0V the device at these or any other conditions above those 

DC OUT OUT GUI EIE: ussciengcnsesisecusinnentaxeuesigstediocnact 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating condi- 
(Soldering, 10 Seconds) ................cccceceeeee eee 300°C tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


X22C10 5V +10% 


3815 PGM T13 


3815 PGM T12 


D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Test Conditions 


CS = Vi, I/Os = Open, All Others = 
Vin, Addresses = 0.4V/2.4V Levels @ 
f = 8 MHz 


Voc Standby Current mA Store or Recall Functions Not Active, 
(TTL Inputs) I/Os = Open, All Other Inputs = Vy 


Voc Standby Current Store or Recall functions Not Active, 
(CMOS Inputs) I/Os = Open, All Other Inputs = 
Voc —0.3V 


Vin = GND to Voc 
Vout = GND to Vcc 
lor = 4.2 MA 

loy = —2.0 MA 


3815 PGM T02 


Voc Supply Current, 
RAM Read/Write 


SeeBB, 52 2b 


Parameter Test Conditions 


Input/Output Capacitance 


3815 PGM T03 


Notes: (1) This parameter is periodically sampled and not 100% tested. 
(2) Vi_ min. and Vjy max. are for reference only and are not tested. 
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X22C10 


MODE SELECTION 


pH 
Write “1” RAM 
Write “0” RAN 


3815 PGM T05 


es 


Output High Z 


ENDURANCE AND DATA RETENTION 


Parameter Mim mits 


100,000 Data Changes Per Bit 
Store Cycles 1,000,000 Store Cycles 
Data Retention 


3815 PGM T06 


POWER-UP TIMING 


Power-up to Read Operation 
Power-up to Write or Store Operation 


3815 PGM T07 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 
5.0V 


Input Rise and 
Fall Times 10ns 
919Q Input and Output 
Timing Levels 1.5¥ 
OUTPUT 
497 100pF 


3815 PGM T04 


3815 FHD FO9 


Notes: (3) Chip is deselected but may be automatically completing a store cycle. 
(4) STORE = LOW is required only to initiate the store cycle, after which the store cycle will be automatically completed 
(e.g. STORE = X). 
(5) tpyR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These 
parameters are periodically sampled and not 100% tested. 


X22C10 


A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 
Read Cycle Limits 


Symbol 


| Min, | Max. | Units 
| tro | ——-ReadCycleTime | 120s | ts 
tances Time SSOSC~—~SSSSC~“‘~‘“‘“dtSC‘Sd 
Chip Select to Output Valid 20s 
le 
a 

0s 


Output Hold from Address Change 


tiz(6) Chip Select to Output in Low Z 
Chip Deselect to Output in High Z 


3815 PGM T08 


Read Cycle 


ADDRESS 


DATA I/O 


i ee or OXY 


/\ [\/\ 


3815 FHD FO03 


Note: (6) tz min. and tyz min. are periodically sampled and not 100% tested. 


X22C10 


Write Cycle Limits 


[symbol | —~=Ssarameter 
Write Cycle Time 
Chip Select to End of Write 
Address Setup Time 
Write Pulse Width 


Data Valid to End of Write 
Data Hold Time 
Write Enable to Output in High Z 


Output Active from End of Write 


| 
twe | 

I 
I 


3815 PGM TO9 


Write Cycle 


ADDRESS 


'DH 
- 
DATA IN XXX) DATA VALID OXXXKK 


DATA OUT J OOO) 


Early Write Cycle 


3815 FHD F04 


ADDRESS 


ANS 
DATA IN KOA _PATA VALID. XX 


HIGH Z 


t toH 


DATA OUT 


3815 FHD FO5 


X22C10 


Recall Cycle Limits 


[Symbol | —~SParameter——SSS*SMin. |S Maxs<|‘Unite 
| taco | AmayRecallTime | gs 
[tcp | Recall Pulse with —S~—~S~—SsSSCSCSSSSC*dS rs 
[ter | Recallto OutputinHighzZ——S~—~—S—sSCSCt~‘“~“SSCiSd ns 
[tone | Output Active trom End of Real ——SC=~iSC“‘iS*dSSCS~S~CSCti 
[_tanc | Recalled Data Access Time fromEnd ofRecal | _—~«Y|'~—i60~S«dYSCrs 


3815 PGM T10 


Recall Cycle 


ADDRESS XXXXXXXAKAN) KX 


tRoc 
tROP 
RECALL 
Cs 
tRoz 


torc 
taRC 


3815 FHD FO6 


Note: (7) RECALL rise time must be less than 1 psec. 
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X22C10 


Store Cycle Limits 


Internal Store Time 


Store Pulse Width 
Store to Output in High Z 
Output Active from End of Store 


Store Cycle Limits 


DATA I/O 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


3815 PGM T11 


3815 FHD F07 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 
Will change 


from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


Advance Information 


1K Bit X22C12 256 x4 
Nonvolatile Static RAM 
FEATURES DESCRIPTION 


® High Performance CMOS 

—120 ns RAM Access Time 

High Reliability 

—Store Cycles: 1,000,000 

—Data Retention: 100 Years 

Low Power Consumption 

—Active: 40 mA Max. 

—Standby: 100 yA Max. 

Infinite Array Recall, RAM Read and Write Cycles 
Nonvolatile Store Inhibit: Vcc = 3.5V Typical 
Fully TTL and CMOS Compatible 

JEDEC Standard 18-Pin 300-mil DIP 

100% Compatible with X2212 

—With Timing Enhancements 


The X22C12 is a 256 x 4 CMOS NOVRAM featuring a 
high-speed static RAM overlaid bit-for-bit with a non- 
volatile E7PROM. The NOVRAM design allows data to 
be easily transferred from RAM to E2PROM (STORE) 
and from E2PROM to RAM (RECALL). The STORE 
operation is completed within 5 ms or less and the 
RECALL is completed within 1 us. 


Xicor NOVRAMS are designed for unlimited write opera- 
tions to the RAM, either RECALLs from E2PROM or 
writes from the host. The X22C12 will reliably endure 
1,000,000 STORE cycles. Inherent data retention is 
greater than 100 years. 


FUNCTIONAL DIAGRAM 


PIN CONFIGURATION 


NONVOLATILE E2PROM ena 
Ast 14 is CIV 
J STORE 4 co 
Ag —— A,C 2 17 [Ag 
Ay > emcee ARRAY A313 16 [J As 
ROW STATIC RAM RECALL ae i 
a -8—— seLect MEMORY ARRAY AgL—4 1S pt VO4 
A3 a A,(5 x22C12 14[71 0, 
ss]? 1217 10, 
Yee Van l18 11 CO We 
STORE reece V ss 
RECALL reece COLUMN . SS STORE [9 10 [J RECALL 


/O CIRCUITS 


© Xicor, 1991 Patents Pending 
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3817 FHD FO2 


SOIC 


4 
X22C12 ; 


3817 FHD FO1 


3817 FHD F10 


Characteristics subject to change without notice 


cor 


X22C12 


PIN DESCRIPTIONS AND DEVICE OPERATION 


Addresses (Ap-A7) 


The address inputs select a 4-bit memory location 
during a read or write operation. 


Chip Select (CS) 


The Chip Select input must be LOW to enable read or 
write operations with the RAM array. CS HIGH will place 
the I/O pins in the high impedance state. 


Write Enable (WE) 


The Write Enable input controls the I/O buffers, deter- 
mining whether a RAM read or write operation is en- 
abled. When CS is LOW and WE is HIGH the I/O pins will 
output data from the selected RAM address locations. 
When both CS and WE are LOW, data presented at the 
|/O pins will be written to the selected address location. 


Data In/Data Out (1/0,-1/O4) 


Data is written to or read from the X22C12 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CS is HIGH or during either a store or 
recall operation. 


STORE 


The STORE input, when LOW, will initiate the transfer of 
the entire contents of the RAM array to the E7PROM 
array. The WE and RECALL inputs are inhibited during 
the store cycle. The store operation is completed in 5 ms 
or less. 


A store operation has priority over RAM read/write 
operations. If STORE is asserted during a read opera- 
tion, the read will be discontinued. If STORE is asserted 
during a RAM write operation, the write will be immedi- 
ately terminated and the store performed. The data at 
the RAM address that was being written will be unknown 
in both the RAM and E*PROM arrays. 


RECALL 


The RECALL input, when LOW, will initiate the transfer 
of the entire contents of the E7PROM array to the RAM 
array. The transfer of data will be completed in 1 us or 
less. 


An array recall has priority over RAM read/write opera- 
tions and will terminate both operations when RECALL 
is asserted. RECALL LOW will also inhibit the STORE 
input. 


Automatic Recall 


Upon power-up the X22C12 will automatically recall 
data from the E°PROM array into the RAM array. 


Write Protection 


The X22C12 has three write protect features that are 
employed to protect the contents of the nonvolatile 
memory. 


- Vcc Sense—All functions are inhibited when Vcc is 
<3.5V typical. 

- Write Inhibit—Holding either STORE HIGH or 
RECALL LOW during power-up or power-down will 
prevent an inadvertent store operation and E7PROM 
data integrity will be maintained. 

Noise Protection—A STORE pulse of typically less 
than 20 ns will not initiate a store cycle. 


PIN NAMES 


a a a 
RECALL 


3817 PGM T01 


X22C12 


ABSOLUTE MAXIMUM RATINGS COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ....................0 —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin With This is a stress rating only and the functional operation of 
Respect to Ground ..................:0088 -1.0V to +7.0V the device at these or any other conditions above those 

ES. COUIDUE CUNTGND scsi tiernsrentuesedvasieenieeedydontinntarice 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating condi- 
(Soldering, 10 SGCONAS) scccncenccunetardiniecsvonans 300°C tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


[Temperature | Min. 
industrial 


3817 PGM T12 


3817 PGM T13 


D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Voc Supply Current, 40 mA | CS = Vj, I/Os = Open, All Others = 
RAM Read/Write Vin, Addresses = 0.4V/2.4V Levels @ 
f = 8 MHz 
Ispy Voc Standby Current 2 mA Store or Recall Functions Not Active, 
(TTL Inputs) I/Os = Open, All Other Inputs = Vip 
Voc Standby Current 100 LA Store or Recall functions Not Active, 
(CMOS Inputs) I/Os = Open, All Other Inputs = 
Voc —0.3V 


Input Leakage Current 
Output Leakage Current 
Input Low Voltage 


3817 PGM T02 


Parameter Test Conditions 


Input/Output Capacitance 


3815 PGM TO3 


Notes: (1) This parameter is periodically sampled and not 100% tested. 
(2) Vi, min. and Vjy max. are for reference only and are not tested. 


X22C12 


MODE SELECTION 


RECALL 


H Output High Z Not Selected(s) 
Output Data Read RAM 
Write “1” RAM 


ee 


O 


a 


3817 PGM T05 


ENDURANCE AND DATA RETENTION 


100,000 Data Changes Per Bit 
Store Cycles 1,000,000 Store Cycles 
Data Retention 


3817 PGM T06 


POWER-UP TIMING 


Power-up to Read Operation 


Power-up to Write or Store Operation 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


aie en 
Fall Times 10ns 
Timing Levels 1.5V 


OUTPUT 3817 PGM T04 


3817 FHD Fog 


Notes: (3) Chip is deselected but may be automatically completing a store cycle. 
(4) STORE = LOW is required only to initiate the store cycle, after which the store cycle will be automatically completed 
(e.g. STORE = X). 
(5) tpuR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These 
parameters are periodically sampled and not 100% tested. 
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X22C12 


A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 
Read Cycle Limits 


Read Cycle Time 


Chip Select to Output Valid 


Chip Select to Output in Low Z 
Chip Deselect to Output in High Z 


3817 PGM T08 


Read Cycle 


ADDRESS 


OH 


Ww a 
IW, 


DATA I/O 


ND 90.0,0,0,0 


3817 FHD F03 


OY) 


Note: (6) t_z min. and tyz min. are periodically sampled and not 100% tested. 
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X22C12 


Write Cycle Limits 


a ee ee a 
| two | Write cycleTime | 20 | Tt 
| tow || ChipSelecttoEndofWrte | 90 || ts 
| tas | Address SetupTime | | es 
wp [We Pulse wath 90 rs 
| twa | WriteRecoveryTime | | ts 
| tow || iDataValidtoEndofWrite | 40 | ts 
| toy | DataHoldTime | ts 
| twz | WriteEnabletoOutputinHighZ_ | | Os 
Output Active from End of Write i ee ee oe 

3817 PGM TO9 


Write Cycle 


ADDRESS 


DH 
— 


DATAIN XY Pata vaio KX AX 


\ 
web bon 
DATA OUT Cee) x (xX NY 


[\/\ 


3817 FHD F04 


Early Write Cycle 


ADDRESS 


‘we 


AAS 
DATA IN KOKA _PATAVALIO. XXX 


HIGH Z 


to DH 


DATA OUT 
3817 FHD FOS 
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X22C12 


Recall Cycle Limits 


| Symbol | Parameter | Min. =| Max. =| Units 
taco | AmayRecaliTime | ds 
[trace | RecallPulse width ——=S=S~=~“~*~*~*~—*—*—ésSSC‘SSC*dSC“‘NN’CN OS 
[—trez | Recall to OutputinHighZ—S~S—SSC“‘“‘;CéidSSC*CSSC*dSC(‘imwsS 
[toro | Output Active fromEndofRecal —=—S~dY~SCiSdTSSSSC*~SCts 
[tac | Recalled Data Access Time tromEndofRecal | ———=«di~—ii20=«|Srs 


3817 PGM T10 


Recall Cycle 


ADDRESS KXXXXXXAKXN KXXKKM 


tRoc 
tRoP 
RECALL 
Cs 
trcoz 


tornc 
taRC 


3817 FHD FO6 


Note: (7) RECALL rise time must be less than 1 psec. 


X22C12 


Store Cycle Limits 


Internal Store Time 


Store to Output in High Z 
Output Active from End of Store 


Store Cycle Limits 


DATA I/O 


SYMBOL TABLE 


WAVEFORM 


Store Pulse Width 90 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


3817 PGM 7111 


3817 FHD FO7 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 


is High 
Impedance 


Advance Information ® 
4K X20C04 512 x 8 Bit 
Nonvolatile Static RAM 

FEATURES DESCRIPTION 
¢ High Reliability The Xicor X20C04 is a 512 x 8 NOVRAM featuring a 


—Endurance: 1,000,000 Store Operations 

—Retention: 100 Years Minimum 

Power-on Recall 

—E?PROM Data Automatically Recalled Into 
SRAM Upon Power-up 

Lock Out Inadvertent Store Operations 

Low Power CMOS 

—Standby: 250uA 

Infinite E2PROM Array Recall, and RAM Read 

and Write Cycles 

Compatible with X2004 


PIN CONFIGURATION 


©Xicor, 1991 Patents Pending 


PLASTIC 


CERDIP SOIC 


X20C04 


3825 FHD F02 


3825-1 


Z 
X20C04 


3825 FHD F16 


static RAM overlaid bit-for-bit with a nonvolatile electri- 
cally erasable PROM (E*PROM). The X20C04 is fabri- 
cated with advanced CMOS floating gate technology to 
achieve low power and wide power-supply margin. The 
X20C04 features the JEDEC approved pinout for byte- 
wide memories, compatible with industry standard RAMs, 
ROMs, EPROMS and E*PROMs. 


The NOVRAM design allows data to be easily trans- 
ferred from RAM to E*PROM (store) and E2PROM to 
RAM (recall). The store operation is completed in 5 ms or 
less and the recall operation is completed in 5 us or less. 


Xicor NOVRAMS are designed for unlimited write 
operations to RAM, either from the host or recalls from 
E*PROM, anda minimum 1,000,000 store operations to 
the E°7PROM. Data retention is specified to be greater 
than 100 years. 


X20C04 
(TOP VIEW) 


3825 FHD FO3 


Characteristics subject to change without notice 


X20C04 


PIN DESCRIPTIONS 


Addresses (Ao—As) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. Output 
Enable LOW disables a store operation regardless of 
the state of CE, WE or NE. 


Data In/Data Out (I/O,9-I/O7) 


Data is written to or read from the X20C04 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


FUNCTIONAL DIAGRAM 


Ag-AgL OD ogc ee 


CONTROL 
LOGIC 


Write Enable (WE) 


The Write Enable input controls the writing of data to 
both the static RAM and stores to the E7PROM. 


Nonvolatile Enable (NE) 


The Nonvolatile Enable input controls all accesses to 
the E2PROM array (store and recall functions). 


PIN NAMES 
Symbol 


3825 PGM T01 


Vcc SENSE 
a EEPROM ARRAY 


a 


COLUMN 
SELECT 
& 
OS 


U 


VO 9-07 


3825 FHD FO1 


X20C04 


DEVICE OPERATION 


The CE, OE, WE and NE inputs control the X20C04 
operation. The X20C04 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAM portion of the X20C04. 


Nonvolatile Operations 


With NE LOW, recall operation is performed in the same 
manner as RAM read operation. A recall operation 
causes the entire contents of the E2PROM to be written 
into the RAM array. The time required for the operation 
to complete is 5us or less. A store operation causes the 
entire contents of the RAM array to be stored in the 
nonvolatile E2PROM. The time for the operation to 
complete is 5 ms or less. 


Power-Up Recall 


Upon power-up (Vcc), the X20C04 performs an auto- 
matic array recall. When Vcc minimum is reached, the 
recall is initiated, regardless of the state of CE, OE, WE 
and NE. 


Write Protection 


The X20C04 has five write protect features that are 
employed to protect the contents of both the nonvolatile 
memory and the RAM. 


* Voc Sense—All functions are inhibited when Voc is 
$ 3.5V. 


¢ ARAM write is required before a Store Cycle is 

initiated. __ ae __ 
¢ Write Inhibit—Holding either OE low, WE high, CE 
high or NE high during power up and power down 
will prevent an inadvertent store operation. _ 
Noise Protection—A combined WE, NE, OE and 
CE pulse of less than 20ns will not initiate a Store 
Cycle. re ee 
Noise Protection—A combined WE, NE, OE and 
CE pulse of less than 20ns will not initiate a recall 
cycle. 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changi ing: 
State 
ai 


Center Line 
is High 
Impedance 


X20C04 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ............ ee —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ................:eee —1.0V to +7V 
DC. AUTOUE CUNT GIN ics sensinnninnnseneasraradaceweennseisacnees 10mA 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


Industrial 
Military 


3825 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Supply Voltage Limits 
X20C04 5V +10% 


3825 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol 


Voc Current (Active) 


Voc Current During Store 
Ispy Voc Standby Current 
(TTL Input) 
, — 


= eam | T 
(CMOS Input 

a. 

| 

2 


POWER-UP TIMING 


< 


oS ae ee 
< O1oO On 
Oo 


£ 


10 mA All Inputs = Vjy 
All /Os = Open 


10 


cc + 0. 


Test Conditions 


NE = WE = Vip, CE = OE = Vi, 
Address Inputs = 0.4V/2.4V levels 
@ f = 5MHz. All |/Os = Open 


CE = Vip 
All Other Inputs = Vjy, All (Os = Open 


All Inputs = Voc — 0.3 
All /Os = Open 


Vin = GND to Voc 
Vout = GND to Vcc, CE = Vin 


EE 
> 


lo. = 2.1MA 


lon = —400uUA 


3825 PGM T04 


EP 


Power-Up to RAM Operation 


Power-Up to Nonvolatile Operation 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V. 


input Capacitance 6d 


3825 PGM T05 


units [-Conaitions 


3825 PGM T06 


Notes: (1) Vy min. and Vjy max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


X20C04 


ENDURANCE AND DATA RETENTION 


[Parameter | 


100,000 
Store Cycles 1,000,000 
Data Retention 


MODE SELECTION 
ee 


Not Selected Output High Z 


Active 
Active 


OV to 3.0V 
Fall Times 10 ns 
Timing Levels 1.5V 


OUTPUT 3825 PGM T08 


3825 FHD FO4 


1201 


X20C04 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


Parameter 


Read Cycle Time 


3825 PGM T10 


ADDRESS 


Lz 
XX ¢ (_paTavatio 


XXX ena 


TAA 


DATA I/O 


3825 FHD FO5 


Note: (3) tz min., tyz, to_z min., and toyz are periodically sampled and not 100% tested. tyz max. and toyz max. are measured, with 
C,. = 5pF from the point when CE or OE return high (whichever occurs first) to the time when the outptus are no longer driven. 
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X20C04 


Write Cycle Limits 


X20C04-20 | X20C04-25| x20C04 

Symbol Parameter | Min. | Max.| Min. | 
Write Cycle Time 150] | 200 | 
Chip Enable to End of Write Input 150] ‘| 200 

Tus | Address SeupTime =| | 
Write Pulse Width | 100] =| 120, 
Write Recovery Time oo] | 0] 
“iow | Data Setup to End of Write | t00)——~+ 120 
“tox | DataHoldTime SSS 
Write Enable to Output in High Z | | Bo] | 
Output Active from End of Write re] | 5 
Moz [Output Enable to OutputinHignZ | | eo |_| 


3825 PGM T11 


WE Controlled Write Cycle 


ADDRESS 


AAAS PLL LLL LLL LL LLL 


BERS BEEEESEESRE' 
ip) 


DATA OUT RBERERESREGEERSES 
PATIS IIS III II LS 


tbw 


WR 
W 
H 


DATA IN DATA VALID 


3825 FHD F06 


Note: (4) twz, tow, and toz are periodically sampled and not 100% tested. 
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X20C04 


CE Controlled Write Cycle 


two 


mee 
(AAAS NLM LLLLLLLLLLLLL 


- a = 


ADDRESS 


'wP 
DATA OUT BEBEERESEERERESREERSE eee 


FIFE ISIS IA SSP TI ATIF LJ AL YALL LLL LY 
tow 'DH 


DATA IN DATA VALID 


3825 FHD F07 
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X20C04 


STORE CYCLE LIMITS 


Symbol Parameter | Min. | Max. | Min. | Max. 
| 


Store Cycle Time 
Store Pulse Width 


tnHz Nonvolatile Enable to 
Output in High Z 
toEST Output Enable From 10 10 
End of Store 


tsog OE Disable to Store 20 
Function 


NE Setup Time from WE | 0 | 


3825 PGM T09 


Store Timing 
'STC 
Isp 
: im _ 
We = ALL LL/ C 
cE ALLLL/ 
'NHZ 
Voc Voc MIN (5) 
3825 FHD F15 
Note: (5) X20C04 Vcc Min. = 4.5V 
The Store Pulse Width (tsp) is a minimum time that NE, _initiationof andthroughout the duration (tstc) of the Store 
WE and CE must be LOW simultaneously. To insure operation. During tstc, OE and WE may go LOW provid- 
data integrity, NE and CE must return HIGH after ingthe hostsystem access to other devices inthe system. 
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X20C04 


ARRAY RECALL CYCLE LIMITS 


| x20co04-15 | x20c04-20 | x20c04-25 | x20C04 _| 
pany Parameter tie) Maw | Mn Man, Mn Mas Mine MeO 
| troc | Array Recall Cycle Time | | 5 


tacp(®) Recall Pulse Width to _ 
InitiateRecalt 
| tawe | WeESetupTimetoNE | 0 | | 0 | | o | | 0 | 


Array Recall Cycle 


3825 PGM T13 


ADDRESS —— 


== WAAAY 


tRWE 


\AAAAAAAAAY = WAAAY 


DATA I/O 


3825 FHD F10 


Note: (6) The Recall Pulse Width (tacp) is a minimum time that NE, OE and CE must be LOW simultaneously. To insure data integrity, NE 
and CE must return HIGH after initiation of and through the duration (tacc) of the Recall operation. During tacc, OE and WE 
may go LOW providing the host access to other devices in the system. 
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Advance Information 


4K X20C05 
High Speed AUTOSTORE™ NOVRAM 


FEATURES DESCRIPTION 
e Fast Access Time: 35ns, 45ns, 55ns The Xicor X20C05 is a 512 x 8 NOVRAM featuring a 
¢ High Reliability high-speed static RAM overlaid bit-for-bit with a non- 
—Endurance: 1,000,000 Store Operations volatile electrically erasable PROM (E?PROM). The 
—Retention: 100 Years Minimum X20C05 is fabricated with advanced CMOS floating 
¢ Power-on Recall gate technology to achieve high speed with low power 
—E?PROM Data Automatically Recalled Into and wide power-supply margin. The X20C05 features 
SRAM Upon Power-up the JEDEC approved pinout for byte-wide memories, 
¢ AUTOSTORE™ NOVRAM compatible with industry standard RAMs, ROMs, 
—User Enabled Option EPROMS and E?PROMs. 
Ee ou ane dren ie gacle alll is The NOVRAM design allows data to be easily transferred 
Detected from RAM to E7PROM (store) and E*PROM to RAM 
—Open Drain AUTOSTORE Status Output Pin (recall). The store operation is completed in5 ms orless 
© Software Data Protection and the recall operation is completed in 5 us or less. 
—Locks Out Inadvertent Store Operations Xicor NOVRAMS are designed for unlimited write 
* Low Power CMOS operations to RAM, either from the host or recalls from 
— Standby: 250uA E2PROM, anda minimum 1,000,000 store operations to 
° Infinite E7PROM Array Recall, and RAM Read the E2PROM. Data retention is specified to be greater 
and Write Cycles than 100 years. 


Upward compatible with X20C16 (16K) 


PIN CONFIGURATION 


PLASTIC Loc 
CERDIP SOIC PLCC 


X20C05 NC X20C05 


(TOP VIEW) 


Tey 
Og 
Os 
04 
04 


3827 FHD F02 3827 FHD F16 3827 FHD FO03 


AUTOSTORE™ NOVRAM is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending Characteristics subject to change without notice 
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X20C05 


PIN DESCRIPTIONS 


Addresses (Ao—Asg) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. Output 
Enable LOW disables a store operation regardless of 
the state of CE, WE or NE. 

Data In/Data Out (I/O,—I/O7) 


Data is written to or read from the X20C05 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
static RAM. 


FUNCTIONAL DIAGRAM 


ROW 
Ag-AglL occ ect 


CONTROL 
LOGIC 


Nonvolatile Enable (NE) 

The Nonvolatile Enable input controls the recall function 
to the E2PROM array. 

AUTOSTORE Output (AS) 


AS is an open drain output which, when asserted indi- 
cates Vcc has fallen below the AUTOSTORE threshold 
(VastH). AS may be wire-ORed with multiple open drain 
outputs and usedas an interrupt input to a microcontroller 
Or as an input to a low power reset circuit. 


PIN NAMES 


SE oat ena 
NE | Nonvoiatile Enable 
AS 
vee 


a Output 


3827 PGM T01 
Voc | Voc SENSE | 
oe | EEPROM ARRAY 


HIGH SPEED 
512x8 
SRAM 


COLUMN 
SELECT 
& 
OS 


' 


VOo-VO7 
3827 FHD FO1 


X20C05 


DEVICE OPERATION 


The CE, OE, WE and NE inputs control the X20C05 
operation. The X20C05 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAM portion of the X20C05. 


MEMORY TRANSFER OPERATIONS 

There are two memory transfer operations: a recall 
operation whereby the data stored in the E27PROM array 
is transferred to the SRAM array; and a store operation 
which causes the entire contents of the SRAM array to 
be stored in the E2PROM array. 


Recall operations are performed automatically upon 
power-up and under host system control when NE, OE 
and CE are LOW and WE is HIGH. The recall operation 
takes a maximum of 5us. 


There are two methods of initiating a store operation. 
The first is the software store command. This command 
takes the place of the hardware store employed on the 
X20C04. This command is issued by entering into the 
special command mode: NE, CE and WE strobe LOW 
while at the same time a specific address and data 
combination is sent to the device. This is a three step 
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operation: the first address/data combination is 
155[H]/AA[H]; the second combination is OAA[H]/55[H]; 
and the final command combination is 155[H]/33[H]. 
This sequence of pseudo write operations will immedi- 
ately initiate a store operation. Refer to the software 
command timing diagrams for details on set and hold 
times for the various signals. 


The second method of storing data is through the 
AUTOSTORE command. When enabled, data is auto- 
matically stored from the RAM into the E2PROM array 
whenever Vcc falls below the preset AUTOSTORE 
threshold. This feature is enabled by performing the first 
two steps for the software store with the command 
combination being 155[H]/CC[H]. 


The AUTOSTORE feature is disabled by issuing the 
three step command sequence with the command com- 
bination being 155[H]/CD[H]. The AUTOSTORE feature 
will also be reset if Vcc falls below the power-on reset 
threshold (approximately 3.5V) and is then raised back 
into the operating range. 


DATA PROTECTION 


The X20C05 supports two methods of protecting the 
nonvolatile data. 


—If after power-up neither the software store nor 
AUTOSTORE feature are enabled, no store can occur. 


—lf after power-up no SRAM write operations have 
occurred no store operation can be initiated. The soft- 
ware store and AUTOSTORE commands will be ig- 
nored. 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X20C05 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ....................6 —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ...............:cccceeeee —1.0V to +7V 
D.C. OUTPUT CUPP ON wisucsinesecasernsncsaasenansousviiccranenes 10mA 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


Industrial 
Military 
3827 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X20C05 5V +10% 


3827 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol Parameter 
loci Voc Current (Active) 
Address Inputs = 0.4V/2.4V Levels @ 
f = 20MHz. All I/Os = Open 


Vcc Current During Store | 8 __| mA | All Inputs = Vix 


loc3 Voc Current During mA _ | All I/Os = Open 
AUTOSTORE 


Isp Voc Standby Current CE = Vin 

(TTL Input) All Other Inputs = Vjy, All I/Os = Open 
Ispo Voc Standby Current All Inputs = Voc — 0.3 

(CMOS Input) All /Os = Open 


a 
iio | Out Leakage curent || 10 
eae ree ae ee 
“vittr[ input High Voltage —~+f 2.0 [Veo+0S[ V | OOOOCSCSC—~—SSS 
Vor | Output Low Votage | —*| 04 | VV [lq=8mAOSOSC~S~S 
"Vous | AUTOSTORE Output | | 04 | V |lows= mA 
"Vou | Output High Votage | 24 | | V [loy=-@mASOSOS—~S 


3827 PGM T04 


Test Conditions 
vel ee 


< 


< 


<= 


< 


POWER-UP TIMING 


Power-Up to Nonvolatile Operation 


3827 PGM T05 


unis | conatons 


3827 PGM T06 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Vec = 5V. 


Input Capacitance 6 | 


Notes: (1) Vj, min. and Vjy max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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X20C05 


ENDURANCE AND DATA RETENTION 


100,000 
Store Cycles 1,000,000 
Data Retention 


MODE SELECTION 
ee 


Not Selected Output High Z 
Read RAM Output Data 


ss 


OUTPUT 


3827 PGM T08 


30pF 


3827 FHD F04 
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X20C05 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


Cs 


iirc | ReadCycleTime || ns | 
ER on 
Mina | Adress Access Time [38 a 
toe | OutputEnable AccessTime |_| 20 | | 25 || 80s 
“t2—| chp Enable to Ouputin Low Zo 
Output Enable to Output in Low Z oe ee a ee oe 
Fiezs) [Chip Disabe to Oubputin High 2 —[ [a8 [aa 
“tou [Output Disable to Outputin High2 [| 18] | 20] | 28 [ns ~ 
ton | OutputHold From AddressChange | 0 | | Oo | | 0 | | ns 


3827 PGM T10 
Read Cycle 
tro 
cE 
CE 
OE 
VIH 
WE 
DATA I/O XK DATA VALID | DATA VALID B00) GL DATA VALID 


TAA 
3827 FHD FO5 


Note: (3) tLzmin., tyz, to_z min., and toyz are periodically sampled and not 100% tested. tz and toyz are measured, with CL = 5pF, 
from the point when CE or OE return high (whichever occurs first) to the time when the outptus are no longer driven. 
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X20C05 


Write Cycle Limits 


| twe | Write Pulse Width | 90 | 

| twa | WriteRecoveryTime | 0 | 

| tow | DataSetuptoEndofWrite | 15 | | 15 
| toy | DataHoldTime | || 
| twz'4) | Write Enable to OutputinHighZ | | | 
| towl) | Output Active from EndofWrite | 5 | | 5 


35 | 

30 | 
| pO | 

30 | 

Oo | 

—_ 
_ 


Nh 
Oo 


ADDRESS 


AANA MLLLVLLLLLLLL LLL LL 


io lala 


tow 
DATA OUT BERS i etcazecsa EE 
FIST SZ SATIS FI FLT J RBERECERREEERSE 


tow tbH 


DATA IN DATA VALID 


3827 FHD FO6 


Note: (4) twz, tow and toz are periodically sampled and not 100% tested. 


X20C05 


CE Controlled Write Cycle 


two 


ADDRESS 


ee 
ce \\AAAAAAAAAAAAY NLL LLLLLLLLLLLLL 


tas twp aa WR 
WE 
DATA OUT REBREBEEEEZESEERESESE Ss 


FIP IPI SIS IFS III ITIL III ERRERERECEEES' 
tow DH 


DATA IN DATA VALID 


3827 FHD FO7 


X20C05 


Array Recall Cycle Limits 


os 


Parameter 
Array Recall Cycle Time 


a ea 
Recall Pulse Width to 30 4 
InitiateRecall 
[tawe | WeSetupTimetoNE | 0 | | O 
3827 PGM T13 


Array Recall Cycle 


WW 

x M7 
_ ee 

x um lo ANNNAANY, 


3827 FHD F10 


Note: (7) The Recall Pulse Width (tacp) is a minimum time that NE, OE and CE must be LOW simultaneously. To insure data integrity, NE 
and CE must remain HIGH after initiation of and through the duration (tRcc) of the Recall operation. During tacc, OE and WE 
may go LOW providing the host access to other devices in the system. 


X20C05 


Software Command Timing Limits 


xa0608-28 | xa0ces-45 | _x20006-55 
Miso | SuwGeetm i ts | ps | 
| tsp) | StorePulseWidth = | 80 | | || 5s 
|tspH | StorePulseHoldTime ss | 35 | | 45 || Bsns 
| two | WriteCycleTime = | 85 || TBs 
| tas [| AddressSetupTime | || is 


| tay | AddressHoldtime | Of | | ts 
| tps | DataSetupTime | 15 | | 2 
| toy | DataHoldTime | ts 
| tsoe'6) | OE Disable to Store Function | 20 | | 20 | | 20 
toesr){ Output Enable fromEnd of Store _{ 0 { | #0 } | 49 } | rs 


tnHz(6) Nonvolatile Enable to Output in 
High Z 


3827 PGM T12 


CE Controlled Software Command Sequence 


7} LIZ) MUN, ANIAAN 


tSPH toEST 


VAAN LLLLLLLL) LLLLLLLLX | 


NN 77777) ILLLLLLLX | 


Ye) = 


a" el | ( 
DATA OUT sag eaee 


(TIT aX q 
aia GD cununy, CK MOG = 


3827 FHD F08 


Notes: (5) The Store Pulse Width (tsp) is a minimum time that NE, WE and CE must be LOW simultaneously. To insure data in itegrity, NE 
and CE must remain HIGH after initiation of and throughout the duration (tsTo) of the Store operation. During tsto, OE and WE 
may go LOW providing the host system access to other devices in the system. 

(6) tsoe, toest and tnHz are periodically sampled and not 100% tested. 
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X20C05 


WE Controlled Software Command Sequence 


ADDRESS 


ae 
VAAN LLELLLL LLL LLL LL 


cans: _ 
ss CLEFT Gas beeaeies: 


os ae 
Se 
DATA OUT pe on 


“tes ames on 
ee [TN ~w VQ IFT IIT II CT} Q 


LAY LAAAAY LAAAAAAY 


3827 FHD FO9 


X20C05 


AUTOSTORE Feature 


The AUTOSTORE feature automatically saves the con- 
tents of the X20C05's Static RAM to the on-board bit-for- 
bit shadow E2PROM at power down. This circuitry in- 
sures that no data is lost during accidental power downs 
or general system crashes, and is ideal for microproces- 
sor caching systems, embedded software systems, and 
general system back-up memory. 


The AUTOSTORE instruction (EAS) to the SDP register 
sets the AUTOSTORE enable latch, allowing the X20C05 


AUTOSTORE CYCLE Timing Diagrams 


Voc 


to automatically performa store operation whenever Vcc 
falls below the AUTOSTORE threshold (Vasty). Vcc 
must remain above the AUT OST ORE Cycle End Voltage 
(VasSEND) for the duration of the store cycle (tasto). The 
detailed timing for this feature is illustrated in the 
AUTOSTORE timing diagrm, below. Once the 
AUTOSTORE cycle is initiated, all other device functions 
are inhibited. 


AUTOSTORE CYCLE IN PROGRESS YASTH 


tasTo 
STORE TIME 


TIME (ms) 


AUTOSTORE CYCLE LIMITS 


Symbol 


Parameter 


3827 FHD F14 


AUTOSTORE Cycle Time 
AUTOSTORE Threshold Voltage 0 
AUTOSTORE Cycle EndVotage | 35d SSS 


3827 PGM T15 


X20C05 


SDP (Software Data Protection) 


POWER UP 


NO STORE 


ADD 155, 
ADD 155, DATA AA 
DATA AA 


NO STORE 


[Ss] 

® 
ee 

5 
2 
‘c 
= 
= 
< 
o 


ADD OAA, 


DATA 55 ADD 155, 
DATAAA 


NO STORE 


WRITE: ADD 555, 
DATA=COMMAND 


STORE ON SS 
OR 
ENABLE / RESET 
AUTOSTORE 


3827 FHD F12 


SOFTWARE DATA PROTECTION COMMANDS 


[Command | Data [Hex] 


Enable AUTOSTORE 


RAS | Reset AUTOSTORE 


3827 PGM 114 


Store State Diagram 


POWER UP 


Recall 


AUTOSTORE Power Down 
Enabled / (AUTOSTORE) 


3827 FHD F13 
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X20C05 


NOTES 


ILO 


Advance Information ® 
16K X20C16 2K x 8 Bit 
High Speed AUTOSTORE™ NOVRAM 

FEATURES DESCRIPTION 


Fast Access Time: 35ns, 45ns, 55ns 

High Reliability 

— Endurance: 1,000,000 Store Operations 

— Retention: 100 Years Minimum 

AUTOSTORE™ NOVRAM 

— Automatically Stores SRAM Data Into the 
E2PROM Array When Vcc Low Threshold is 
Detected 

—User Enabled Option 

— Open Drain AUTOSTORE Status Output Pin 

Power-on Recall 

—E?PROM Data Automatically Recalled Into 
SRAM Upon Power-up 

Software Data Protection 

— Locks Out Inadvertent Store Operations 

Low Power CMOS 

— Standby: 250A 

Infinite E2PROM Array Recall, and RAM Read 

and Write Cycles 


PIN CONFIGURATION 


The Xicor X20C 16 is a 2K x 8 NOVRAM featuring a high- 
speed static RAM overlaid bit-for-bit with a nonvolatile 
electrically erasable PROM (E2PROM) and the 
AUTOSTORE feature which automatically saves the 
RAM contents to E7PROM at power-down. The X20C16 
is fabricated with advanced CMOS floating gate technol- 
ogy to achieve high speed with low power and wide 
power-supply margin. The X20C16 features a compat- 
ible JEDEC approved pinout for byte-wide memories, 
for industry standard RAMs, ROMs, EPROMS and 
E?PROMs. 


The NOVRAM design allows data to be easily trans- 
ferred from RAM to E?PROM (store) and E2PROM to 
RAM (recall). The store operation is completed in 5 ms 
or less and the recall operation is completed in 10 ys or 
less. An automatic array recall operation reloads the 
contents of the E7PROM into RAM upon power-up. 


Xicor NOVRAMS are designed for unlimited write 
operations to RAM, either from the host or recalls from 
E2PROM, and a minimum 1,000,000 store operations to 
the E?PROM. Data retention is specified to be greater 
than 100 years. 


PLASTIC 
CERDIP 


3826 FHD F02 


AUTOSTORE™ NOVRAN is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending 


3826-2 


SOIC 


X20016 
8 21 


(TOP VIEW) 


3826 FHD F15 3826 FHD FO3 


Characteristics subject to change without notice 


X20C16 


PIN DESCRIPTIONS 


Addresses (Ap—Ajo) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. Output 
Enable LOW disables a store operation regardless of 
the state of CE, WE or NE. 

Data In/Data Out (I/O,-1/07) 


Data is written to or read from the X20C16 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
static RAM. 


FUNCTIONAL DIAGRAM 


ROW 


Ce 
os SELECT 
CONTROL 
LOGIC 


Nonvolatile Enable (NE) 

The Nonvolatile Enable input controls the recall function 
to the E2PROM array. 

AUTOSTORE Output (AS) 


AS is an open drain output which, when asserted indi- 
cates Vcc has fallen below the AUTOSTORE threshold 
(VastH). AS may be wire-ORed with multiple open drain 
outputs and usedas an interrupt input to a microcontroller 
or as an input to a low power reset circuit. 


PIN NAMES 
Symbol 


Address Inputs 
Data Input/Output 


3826 PGM T01 


HIGH SPEED 


Voc SENSE 
T EEPROM ARRAY 
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2K x 8 
SRAM 


COLUMN 
SELECT 
& 
OS 


Mu 


VOo-VOz 


3826 FHD F01 


X20C16 


SE AT AAAS TS SE SP DE EE EIDE HLS LE ES DEAE ELEC EES TOES REED ELE SE TESST LIL EE EE A REE SI IIT SESE SPE AEE SEE ETT DESIRES ISIE EERIE, 


DEVICE OPERATION 


The CE, OE, WE and NE inputs control the X20C16 
operation. The X20C16 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAM portion of the X20C16. 


Memory Transfer Operations 


There are two memory transfer operations: a recall 
operation whereby the data stored in the E2PROM array 
is transferred to the SRAM array; and a store operation 
which causes the entire contents of the SRAM array to 
be stored in the E7PROM array. 


Recall operations are performed automatically upon 
power-up and under host system control when NE, OE 
and CE are LOW and WE is HIGH. The recall operation 
takes a maximum of 5us. 


SDP (Software Data Protection) 


There are two methods of initiating a store operation. 
The first is the software store command. This command 
takes the place of the hardware store employed on the 
X20C04. This command is issued by entering into the 
special command mode: NE, CE and WE strobe LOW 
while at the same time a specific address and data 
combination is sent to the device. This is a three step 
operation: the first address/data combination is 555[H]/ 
AA[H]; the second combination is 2AA[H]/55[H]; and the 
final command combination is 555[H]/33[H]. This se- 
quence of pseudo write operations will immediately 
initiate a store operation. Refer to the software command 
timing diagrams for details on set and hold times for the 
various signals. 


The second method of storing data is thru the autostore 
command. When enabled, data is automatically stored 
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from the RAM into the E2PROM array whenever Vcc 
falls below the preset Autostore threshold. This feature 
is enabled by performing the first two steps for the 
software store with the command combination being 
555[H)//CC[H]. 


The AUTOSTORE feature is disabled by issuing the 
three step command sequence with the command com- 
bination being 555[H]/CD[H]. The Autostore feature will 
also be reset if Vcc falls below the power-on reset 
threshold (approximately 3.5V) and is then raised back 
into the operation range. 


Write Protection 


The X20C16 supports two methods of protecting the 
nonvolatile data. 


—lf after power-up neither the software store nor the 
AUTOSTORE feature are enabled, no store can occur. 


—Vcc Sense — All functions are inhibited when Vcc is 
< 3.0 typical. 


SYMBOL TABLE 


The following symbol table provides a key to under- 
standing the conventions used in the device timing 
diagrams. The diagrams should be used in conjunction 
with the device timing specifications to determine actual 
device operation and performance, as well as device 
suitability for user's application. 


WAVEFORM INPUTS OUTPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 


from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X20C16 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 


Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ..................000 —65°C to +150°C Ratings” may cause permanent damage to the device. 
Voltage on any Pin with This is a stress rating only and the functional operation of 

Respect to Ground .............:.ecceeee sees —1.0V to +7V the device at these or any conditions other than those 
D.C. QUIDUC CURIE cnmnectcintctnimasninatemerinintacane 10mA indicated in the operational sections of this specification is 


not implied. Exposure to absolute maximum rating condi- 


RECOMMENDED OPERATING CONDITIONS tions for extended periods may affect device reliability. 


X20C16 5V +10% 


3826 PGM T03 


3826 PGM T02 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Test Conditions 


NE = WE = Vip, CE = OE = Vy 

Address Inputs = 0.4V/2.4V Levels 
@ f = 20MHz All I/Os = Open 
All Inputs = Viy 
All |/Os = Open 


CE =Vin 
All Other Inputs = Vjp, All I/Os = Open 


Ispe Voc Standby Current 
(CMOS Input) 


All Inputs = Voc — 0.3 
All I/Os = Open 


Vout = GND to Vcc, CE = Vin 


OutputLow Voltage | | 0.4 


| Voras | AUTOSTORE Output | | 04 | VT loas=tmMA 
| Vox | OutputHigh Voltage | 24 | | OV | ton =—4mMA 


3826 PGM T04 


POWER-UP TIMING 


Power-Up to Nonvolatile Operation ee 


3826 PGM TOS 


CAPACITANCE Tay = 25°C, F = 1.0MHZ, Vcc = 5V. 


Input/Output Capacitance 
ee eee 


Input Capacitance 


Notes: (1) Vi_ min. and Vjy max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


Vin = OV 


3826 PGM T06 
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X20C16 


ENDURANCE AND DATA RETENTION 


Cs Paremeter | 


[Enaurance 100,000 Changes/i 
| Store Cycles 1,000,000 Store Cycles 


Years 


3826 PGM T07 
MODE SELECTION 
| Mode v0 Power 
Not Selected Output High Z Standby 

Read RAM Output Data 
Write" RAM input Data High 
write "0" RAM input Data Low 
COTA array Recall Output High Z 
Software Command Input Data 
Output Disabled Output High Z 
a a Output High Z 
| H | tL | H_ | _No Operation Output High Z 
3826 PGM TO9 

EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels 
Fall Times 
Timing Levels 1.5V 


OUTPUT 3826 PGM T08 


3826 FHD FO4 
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X20C16 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


Parameter 


Read Cycle Time 35 | | 48 
Chip Enable Access Time 


Chip Disable to Output in High Z 
Output Disable to Output in High Z 


tou Output Hold From Address Change 


3826 PGM T10 
Read Cycle 
'RC 
ICE 
CE 


VV VV 
100) CLAD 


'OLZ 
Zz 
WAV, \/ 
oaA 1) SLED 0 


DATA VALID 
TAA 


3826 FHD F05 


Note: (3) tLzmin., tyz, toLz min., and toyz are periodically sampled and not 100% tested. tyz max. and toyz max. are measured, with 
C. = 5pF, from the point when CE or OE return high (whichever occurs first) to the time when the outptus are no longer driven. 
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X20C16 


Write Cycle Limits 


X20C16-45 
Symbol Unit 
twe 
tcw 
tas 
twp 
twrR 


two | 
"tow | Chip Enable to End of Write Input [30 
Tus | Address Setup Time 
Ctwe 
iw 
ie 


= 
Write Enable to Output in High Z 
oz 


3826 PGM T11 


WE Controlled Write Cycle 


ADDRESS 


AAAS MLVLVLLLLLLLLLLLLL 


Se 


tow 
DATA OUT BEREREEREEEREES' =... 
FAS AFI ASIII II LS LA ANVELLLL LESS S 


lbw — IDH 


DATA IN DATA VALID 


3826 FHD FO6 


Note: (4) twz, tow, toz are periodically sampled and not 100% tested. 
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X20C16 


CE Controlled Write Cycle 


two 


VIL Ce | 


(AAAS NINVLLILLLLLLLLLL 


ADDRESS 


low 
pATAOUT 3333-3333) ee 
FES TALIS IIT ISIS PTI PTs BRRRRRREEaanea 


tow 8) 


DATA IN DATA VALID 


: aes = “ 
H 
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X20C16 


ARRAY RECALL CYCLE LIMITS 


X20C16-35 X20C16-45 X20C16-55 
Symbol Parameter 


Min, | Max. | Min. | Max. | Min. | Max. 

tacc___| ArrayRecallCycleTime | | 10 | S| to | | tC 
InitiateRecall 

| tawe | WeSetupTimetoNE | 0 | | Oo | | o | | 


3826 PGM T13 


Array Recall Cycle 


ADDRESS 


a 


me Cag, 
M7 WAAAY 


mm tn WAAAY 


DATA I/O 


3826 FHD F10 


Note: (7) The Recall Pulse Width (tcp) is a minimum time that NE, OE and CE must be LOW simultaneously. To insure data integrity, NE 
and CE must remain HIGH after initiation of and through the duration (tRcc) of the Recall operation. During tacc, OE and WE 
may go LOW providing the host access to other devices in the system. 
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X20C16 


Software Command Timing Limits 


X20C16-35 X20C16-45 
Symbol Parameter 


Output Enable from End of Store 


tyHz(6) Nonvolatile Enable to Output in 
High Z 


CE Controlled Software Command Sequence 


ADDRESS 


\LLEL/ XLLLL/ YAN 


tsPH ‘OEST 


\AA\Y ALLLLLLLX 


sl” om 
“hall 


ISOE 
BaSBaizBaad 
DATA OUT 9) 


DATA IN [TI <s TTT Ns TT X} a 


LAV LAAANY GRE t Se’, 


3826 FHD FO08 


Note: (5) The Store Pulse Width (tsp) is a minimum time that NE, WE and CE must be LOW simultaneously. To insure data integrity, NE 
and CE must remain HIGH after initiation of and throughout the duration (tsTo) of the Store operation. During tsto, OE and WE 
may go LOW providing the host system access to other devices in the system. 

(6) tsoe, toesT and tnHz are periodically sampled and not 100% tested. 
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WE Controlled Software Command Sequence 


ADDRESS 


MIKI LL LLL LLL 1» 


VAAN 


ISOE 
BEBSees 
DATA OUT agaysaaa 
ips tDH 


DATA IN ro AA WoT 55 PLE ELL LIV con VO A 
LAV LAAANY ERREEERY, LALLY 


3826 FHD F09 


X20C16 


AUTOSTORE Feature 


The AUTOSTORE feature automatically saves the con- 
tents of the X20C16’s Static RAM to the on-board bit-for- 
bit shadow E2PROM at power down. This circuitry 
insures that no data is lost during accidental power 
downs or general system crashes, and is ideal for 
microprocessor caching systems, embedded software 
systems, and general system back-up memory. 


AUTOSTORE CYCLE Timing Diagrams 


Voc 


The AUTOSTORE instruction (EAS) to the SDP register 
sets the AUTOSTORE enable latch, allowingthe X20C16 
to automatically perform a store operation whenever 
Vcc falls below the AUTOSTORE threshold (Vasty). 
Vcc must remain above the AUTOSTORE Cycle End 
Voltage (Vasenp) for the duration of the store cycle 
(tasto). The detailed timing for this feature is illustrated 
in the AUTOSTORE timing diagram, below. Once the 
AUTOSTORE cycle is initiated, all other device func- 
tions are inhibited. 


AUTOSTORE CYCLE IN PROGRESS “ASTH 


taSTO 
STORE TIME 


TIME (ms) 


VASEND 


3826 FHD F14 


3826 PGM T15 


X20C16 


SDP (Software Data Protection) Store State Diagram 


POWER UP POWER UP 


NO STORE 
Software 


ADD 555, Store 
ADD 555, DATA AA Enabled 
DATAAA 


NO STORE 


o 
oO 
® 

ar 
fo) 

2 

= 

= 
< 
or 


ADD 2AA, 


DATA 55 ADD 555, 
DATA AA 


Power Down 
(AUTOSTORE) 
NO STORE 


WRITE: ADD 555, 
DATA=COMMAND 


STORE ON SS 3826 FHD F13 


OR 
ENABLE/RESET 
AUTOSTORE 


3826 FHD F12 


SOFTWARE DATA PROTECTION COMMANDS 


Data (He) 


Enable AUTOSTORE 
Reset AUTOSTORE 


3826 PGM 114 
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NOTES 
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® 


NOVRAM* Data Sheets 


Serial Products Data Sheets 


| 


Application Notes and Briefs 


Reliability 


General Information 


it 
256 Bit X24C44 16 x 16 Bit 
Serial Nonvolatile Static RAM 


® 


Preliminary Information 


FEATURES DESCRIPTION 

¢ Advanced CMOS Version of Xicor’s X2444 The Xicor X24C44 is a serial 256 bit NOVRAM featuring 

¢ 16 x 16 Organization a static RAM configured 16 x 16, overlaid bit by bit with 

¢ Single 5 Volt Supply a nonvolatile E7PROM array. The X24C 44 is fabricated 

¢ Ideal for use with Single Chip Microcomputers with Xicor’s Advanced CMOS Floating Gate technology. 
—Static Timing 


Minimum 1/0 interiace The Xicor NOVRAM design allows data to be transferred 
—Serial Port Compatible (COPS™ , 8051) between the two memory arrays by means of software 
—Easily Interfaced to Microeoniroller Ports commands or external hardware inputs. A store opera- 


: tion (RAM data to E2PROM) is completed in5 ms or less 
Software and Hardware Control of Nonvolatile 
and a recall operation (E2PROM data to RAM) is com- 


Functions ; 
* Auto Recall on Power-Up pleted in 2 us or less. 
* TTL and CMOS Compatible Xicor NOVRAMS are designed for unlimited write opera- 
¢ Low Power Dissipation tions to RAM, either from the host or recalls from 
—Active Current: 10 mA Maximum E2PROM and a minimum 1,000,000 store operations. 
—Standby Current: 50 pA Maximum Inherent data retention is specified to be greater than 
¢ 8 Pin Mini-DIP and 8 Lead SOIC Packages 100 years. 
¢ High Reliability 


—Store Cycles: 1,000,000 
—Data Retention: 100 Years 


FUNCTIONAL DIAGRAM 


NONVOLATILE 
E°PROM 


RECALL (6) 
STORE (7) 


OY CONTROL 
7? | Loaic 


INSTRUCTION 
i REGISTER 


INSTRUCTION 
DECODE 
| | 


COPS is a trademark of National Semiconductor Corp. 


3832 FHD FO1 
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X24C44 


PIN DESCRIPTIONS 


Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all read/ 
write operations. CE must remain HIGH following a 
Read or Write command until the data transfer is com- 
plete. CE LOW places the X24C44 in the low power 
standby mode and resets the instruction register. There- 
fore, CE must be brought LOW afterthe completion of an 
operation in order to reset the instruction register in 
preparation for the next command. 


Serial Clock (SK) 

The Serial Clock input is used to clock all data into and 
out of the device. 

Data In (Dl) 

Data In is the serial data input. 


Data Out (DO) 

Data Out is the serial data output. It is in the high 
impedance state except during data output cycles in 
response to a READ instruction. 

STORE 

STORE LOW will initiate an internal transfer of data from 
RAM to the E2PROM array. 

RECALL 


RECALL LOW will initiate an internal transfer of data 
from E2PROM to the RAM array. 
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PIN CONFIGURATION 


DIP/SOIC 


Voc 
STORE 
RECALL 


Vss 


F 
X24044 
6 


3832 FHD F02 


PIN NAMES 


se Sil Clock 
er Serial Data in 
eo Serial Data Out 
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DEVICE OPERATION 


The X24C44 contains an 8-bit instruction register. It is 
accessed via the DI input, with data being clocked in on 
the rising edge of SK. CE must be HIGH during the entire 
data transfer operation. 


Table 1 contains a list of the instructions and their 
operation codes. The most significant bit (MSB) of all 
instructions is a logic one (HIGH), bits 6 through 3 are 
either RAM address (A) or don’t care (X) and bits 2 
through 0 are the operation codes. The X24C44 re- 
quires the instruction to be shifted in with the MSB first. 


After CE is HIGH, the X24C44 will not begin to interpret 
the data stream until a logic one has been shifted in on 
DI. Therefore, CE may be brought HIGH with SK running 
and DI LOW. DI must then go HIGH to indicate the start 
condition of an instruction before the X24C44 will begin 
any action. 


In addition, the SK clock is totally static. The user can 
completely stop the clock and data shifting willbe stopped. 
Restarting the clock will resume shifting of data. 


RCL and RECALL 


Either a software RCL instruction or a LOW on the 
RECALL input will initiate a transfer of E-PROM data 
into RAM. This software or hardware recall operation 
sets an internal “previous recall” latch. This latch is reset 
upon power-on and must be intentionally set by the user 
to enable any write or store operations. Although a recall 
operation is performed upon power-up, the previous 
recall latch is not set by this operation. 


WRDS and WREN 


Internally the X24C44 contains a “write enable” latch. This 
latch must be set for either writes to the RAM or store 


Table 1: Instruction Set 


operations to the E-PROM. The WREN instruction sets 
the latch and the WRDS instruction resets the latch, 
disabling both RAM writes and E2PROM stores, effec- 
tively protecting the nonvolatile data from corruption. The 
write enable latch is automatically reset on power-up. 


STO and STORE 


Either the software STO instruction or a LOW on the 
STORE input will initiate a transfer of data from RAM to 
E2PROM. In order to safeguard against unwanted store 
operations, the following conditions must be true: 


¢ STO instruction issued or STORE input is LOW. 

¢ The internal write enable latch must be set (WREN 
instruction issued). 

¢ The “previous recall” latch must be set (either a 
software or hardware recall operation). 


Once the store cycle is initiated, all other device func- 
tions are inhibited. Upon completion of the store cycle, 
the write enable latch is reset. Refer to Figure 4 for a 
state diagram description of enabling/disabling condi- 
tions for store operations. 


WRITE 


The WRITE instruction contains the 4 bit address of the 
word to be written. The write instruction is immediately 
followed by the 16-bit word to be written. CE must remain 
HIGH during the entire operation. CE must go LOW 
before the next rising edge of SK. If CE is brought LOW 
prematurely (afterthe instruction but before 16 bits of data 
are transferred), the instruction register will be reset and 
the data that was shifted-in will be written to RAM. 


If CE is kept HIGH for more than 24 SK clock cycles (8-bit 
instruction plus 16-bit data), the data already shifted-in will 
be overwritten. 


"—insituction | Formatsilo | —~=SC« eration 


3832 PGM T13 


X = Don't Care 
A = Address 
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READ 


The READ instruction contains the 4 bit address of the 
word to be accessed. Unlike the other six instructions, Io 
of the instruction word is a “don’t care”. This provides two 
advantages. In a design that ties both DI and DO 
together, the absence of an eighth bit in the instruction 
allows the host time to convert an I/O line from an output 
to an input. Secondly, it allows for valid data output 
during the ninth SK clock cycle. 


DO, the first bit output during a read operation, is trun- 
cated. That is, it is internally clocked by the falling edge 
of the eighth SK clock; whereas, all succeeding bits are 
clocked by the rising edge of SK (refer to Read Cycle 
Diagram). 


LOW POWER MODE 


When CE is LOW, non-critical internal devices are 
powered-down, placing the device in the standby power 
mode, thereby minimizing power consumption. 


SLEEP 


Because the X24C44 is a low power CMOS device, the 
SLEEP instruction implemented on the first generation 
NMOS device has been deleted. For systems convert- 
ing fromthe X2444 to the X24C 44 the software need not 
be changed; the instruction will be ignored. 


WRITE PROTECTION 


The X24C44 provides two software write protection 
mechanisms to prevent inadvertent stores of unknown 
data. 


Power-Up Condition 
Write Enable Latch. Upon power-up the “write enable” 
latch is in the reset state, disabling any store operation. 
Unknown Data Store 


Previous Recall Latch. The “previous recall” latch must 
be set after power-up. It may be set only by performing 
a software or hardware recall operation, which assures 
that data in all RAM locations is valid. 
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SYSTEM CONSIDERATIONS 


Power-On Recall 


The X24C44 performs a power-on recall that transfers 
the E2-PROM contents to the RAM array. Although the 
data may be read from the RAM array, this recall does 
not set the “previous recall” latch. During this power-on 
recall operation, all commands are ignored. Therefore, 
the host should delay any operations with the X24C44a 
minimum of tpyR after Vcc is stable. 


Power-Down Data Protection 


Because the X24C44 is a 5V only nonvolatile memory 
device it may be susceptible to inadvertent stores to the 
E2PROM array during power-down cycles. Power-up 
cycles are not a problem because the previous recall 
latch and write enable latch are reset, preventing any 
possible corruption of E7PROM data. 


Software Power-Down Protection 


If the STORE and RECALL pins are tied to Vcc through 
a pullup resistor and only software operations are per- 
formed to initiate stores, there is little likelihood of an 
inadvertent store. However, if these two lines are under 
microprocessor control, positive action should be em- 
ployed to negate the possibility of these control lines 
bouncing and generating an unwanted store. The safest 
method is to issue the WRDS command after a write 
sequence and also following store operations. Note: an 
internal store may take up to 5 ms; therefore, the host 
microprocessor should delay 5 ms after initiating the 
store prior to issuing the WRDS command. 


Hardware Power-Down Protection 
(when the “write enable” latch and “previous recall” latch 
are not in the reset state): 


Write Inhibit. Holding either RECALL LOW, CE LOW or 
STORE HIGH during power-down will prevent an inad- 
vertent store. 


X24C44 


Figure 1. RAM Read 


D TXAXAKAKAY 1 1X AN 
HIGH Z 
DO (PoX 21 X D2 X Ps H /PrgX O14 X15 X Po 


*Bit 8 of Read Instructions is Don’t Care 
3832 FHD F07 


Figure 2. RAM Write 


3832 FHD F08 


Figure 3. Non-Data Operations 


on DED ED CS €9 C9 iD Ce 


3832 FHD FO9 
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Figure 4. X24C44 State Diagram 


POWER ON 
RECALL 


RAM READ 


RCL COMMAND 
OR RECALL 


RAM READ 


STO OR WREN 
WRDS CMD COMMAND 


OR STORE 


RAM READ 
OR WRITE 


STORE 
ENABLED 


3832 FHD F10 


X24C44 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................... —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ...................0006 —1.0V to +7.0V 
D.C; OUNIDUT CUEING sccravevticeninctucuceneitenneihanetnen oe: 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) .................eeeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


Lil etl 


—__ ae 
Military 


3832 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24C44 Ov = 10% 


3832 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


hee 

TTL Inputs) 
| ime fT 

(TTL Inputs) 
[eee || 

(CMOS Inputs) 
ee 
[var [ inputtow vonage | =i.0 
| 20 


Input High Voltage 
Output Low Voltage Ld 


ENDURANCE AND DATA RETENTION 


Parameter 
Endurance 


CAPACITANCE Ta = 25°C, f = 1 MHz, Voc = 5V 


Symbol Parameter 


— 
“Output High Vottage | 24 | 


100,000 | __DataChanges PerBit 


Store Cycles 1,000,000 Store Cycles 
Data Retention 


Parameter «Max. | Units 
input Capacitance (6 | oF 


Test Conditions 


SK = 0.4V/2.4V Levels @ 1 MHz, 
DO = Open, All Other Inputs = Viy 


DO = Open, CE = Vj,, 
All Other Inputs = Viy 


DO = Open, CE = GND 
All Other Inputs = Voc — 0.3V 
| HA 
i, | 
Lad 
| Vv 
_ 
a 


Vin = GND to Voc 
Vout = GND to Vcc 


lo. = 4.2 mA 


3832 PGM T04 


Data Changes Per Bit 


3832 PGM T05 


Test Conditions 


3832 PGM T06 


Notes: (1) Vi min. and Vj max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


X24C44 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 
Input Rise and 

Fall Times 10 ns 
Input and Output 

Timing Levels 1.5V 


OUTPUT 3832 PGM 107 


3832 FHD F11 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read and Write Cycle Limits 


Symbol [| Parameter | Min 
Fok) | SK Frequency | 
“tow | Data Hold Time ——SSSCS~=~C~S~—SS 
[tor SK to Data BtOVaid ——OSCSC~dS 
too | SSK to Data Valid = SSC=~iSC‘~*~™S 
“tz | Chip Enable to Output HighZ 


POWER-UP TIMING 


Power-up to Read Operation 


tpuw(4) Power-up to Write or Store Operation 


3832 PGM TO9 


Notes: (3) SK rise and fall times must be less than 50 ns. 
(4) tpurR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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Write Cycle 


SK CYCLE # 


SK 


Read Cycle 


SK CYCLE # 


SK 


‘PD 


i SER DON TCA! SP 
Z/ LLALALIS ISI IV ISIS SLL 


HIGH Z 
(Xo XY 


3832 FHD F04 
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X24C44 


NONVOLATILE OPERATIONS 


Previous 
Software Write Enable | Recall Latch 
Operation STORE RECALL Instruction Latch State State 


Hardware Recall 


ee ae ee 
Software Recal 
Hardware Store | 0 « St 

Software Store 


ARRAY RECALL LIMITS 


Recall Cycle Time 
Recall Pulse Width(6) 
Recall to Output inHighZ [| —=S~SC=<~iS SCS 


3832 PGM T11 


Recall Timing 


RECALL 


3832 FHD FO5 


Notes: (5) NOP designates when the X24C44 is not currently executing an instruction. 
(6) Recall rise time must be <10us. 


X24C44 


STORE CYCLE LIMITS 


Store Pulse Width 
CE to Output in High Z 
Voc Store Inhibit 


Store Timing 


3832 PGM T12 


WLLL LL LL 4L/ 


3832 FHD F06 


Note: (7) Typical values are for Ta = 25°C and nominal supply voltage. 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24C44 


NOTES 
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Advanced Information ® 
256 Bit X24C45 16 x 16 Bit 
Serial AUTOSTORE™ NOVRAM 

FEATURES DESCRIPTION 


AUTOSTORE™ NOVRAM 

—Automatically Performs a Store Operation 
Upon Loss of Vcc 

Single 5 Volt Supply 

ideal for use with Single Chip Microcomputers 

—Minimum I/O Interface 

—Serial Port Compatible (COPS™ , 8051) 

—Easily Interfaced to Microcontroller Ports 

Software and Hardware Control of Nonvolatile 

Functions 

Auto Recall on Power-Up 

TTL and CMOS Compatible 

Low Power Dissipation 

—Active Current: 10 mA 

—Standby Current: 50 yA 

8 Pin Mini-DIP and 8 Lead SOIC Packages 

High Reliability 

—Store Cycles: 1,000,000 

—Data Retention: 100 Years 


The Xicor X24C45 is a serial 256 bit NOVRAM featuring 
a static RAM configured 16 x 16, overlaid bit by bit with 
a nonvolatile E2-PROM array. The X24C45 is fabricated 
with Xicor’s Advanced CMOS Floating Gate technology. 


The Xicor NOVRAM design allows data to be transferred 
between the two memory arrays by means of software 
commands or external hardware inputs. A store opera- 
tion (RAM data to E7PROM) is completed in5 ms or less 
and a recall operation (E2PROM data to RAM) is com- 
pleted in 2 us or less. 


The X24C45 also includes the AUTOSTORE feature, a 
user selectable feature that automatically performs a 
store operation when Vcc falls below a preset threshold. 


Xicor NOVRAMs are designed for unlimited write opera- 
tions to RAM, eitherfromthe host or recalls from E2PROM 
and a minimum 1,000,000 store operations. Inherent data 
retention is specified to be greater than 100 years. 


FUNCTIONAL DIAGRAM 


INSTRUCTION 
Ca REGISTER 
INSTRUCTION 
DECODE 


AUTOSTORE™ NOVRANM is a trademark of Xicor, Inc. 
COPS is a trademark of National Semiconductor Corp. 


© Xicor, 1991 Patents Pending 
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VA 


NONVOLATILE 
E°PROM 


L 
xO 


Ni 


RECALL (6) 
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PIN DESCRIPTIONS 


Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all read/ 
write operations. CE must remain HIGH following a 
Read or Write command until the data transfer is com- 
plete. CE LOW places the X24C45 in the low power 
standby mode and resets the instruction register. There- 
fore, CE must be brought LOW after the completion of an 
operation in order to reset the instruction register in 
preparation for the next command. 


Serial Clock (SK) 

The Serial Clock input is used to clock all data into and 
out of the device. 

Data In (Dl) 

Data In is the serial data input. 


Data Out (DO) 


Data Out is the serial data output. It is in the high 
impedance state except during data output cycles in 
response to a READ instruction. 


AUTOSTORE Output (AS) 


AS is an open drain output which, when asserted indi- 
cates Vcc has fallen below the AUTOSTORE threshold 
(VastH). AS may be wire-ORed with multiple open drain 
outputs and used as an interrupt input to a microcontroller 
or as an input to a low power reset Circuit. 


RECALL 


RECALL LOW will initiate an internal transfer of data 
from E2PROM to the RAM array. 
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PIN CONFIGURATION 


DIP/SOIC 


X24C45 


3833 FHD F02 


PIN NAMES 


oI Serial Data In 
0 Serial Data Out 
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X24C45 


DEVICE OPERATION 


The X24C45 contains an 8-bit instruction register. It is 
accessed via the DI input, with data being clocked in on 
the rising edge of SK. CE must be HIGH during the entire 
data transfer operation. 


Table 1 contains a list of the instructions and their 
operation codes. The most significant bit (MSB) of all 
instructions is a logic one (HIGH), bits 6 through 3 are 
either RAM address (A) or don’t care (X) and bits 2 
through O are the operation codes. The X24C45 re- 
quires the instruction to be shifted in with the MSB first. 


After CE is HIGH, the X24C45 will not begin to interpret 
the data stream until a logic one has been shifted in on 
DI. Therefore, CE may be brought HIGH with SK running 
and DI LOW. DI must then go HIGH to indicate the start 
condition of an instruction before the X24C45 will begin 
any action. 


In addition, the SK clock is totally static. The user can 
completely stop the clock and data shifting will be 
stopped. Restarting the clock will resume shifting of 
data. 


RCL and RECALL 


Either a software RCL instruction or a LOW on the 
RECALL input will initiate a transfer of E-PROM data 
into RAM. This software or hardware recall operation 
sets an internal “previous recall” latch. This latch is reset 
upon power-on and must be intentionally set by the user 


TABLE 1. INSTRUCTION SET 


to enable any write or store operations. Although a recall 
operation is performed upon power-up, the previous 
recall latch is not set by this operation. 


WRDS and WREN 


Internally the X24C45 contains a “write enable” latch. This 
latch must be set for either writes to the RAM or store 
operations to the E-PROM. The WREN instruction sets 
the latch and the WRDS instruction resets the latch, 
disabling both RAM writes and E2PROM stores, effec- 
tively protecting the nonvolatile data from corruption. The 
write enable latch is automatically reset on power-up. 


STO 


The software STO instruction will initiate a transfer of 
data from RAM to E2PROM. In order to safeguard 
against unwanted store operations, the following condi- 
tions must be true: 


« STO instruction issued. 

¢ The internal write enable latch must be set (WREN 
instruction issued). 

* The “previous recall” latch must be set (either a 
software or hardware recall operation). 


Once the store cycle is initiated, all other device func- 
tions are inhibited. Upon completion of the store cycle, 
the write enable latch is reset. Refer to Figure 4 for a 
state diagram description of enabling/disabling condi- 
tions for store operations. 


instruction | Formatigiio | —~—~=~S~S~S rato 
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X = Don’t Care 
A = Address 
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WRITE 


The WRITE instruction contains the 4 bit address of the 
word to be written. The write instruction is immediately 
followed by the 16-bit word to be written. CE must 
remain HIGH during the entire operation. CE must go 
LOW before the next rising edge of SK. If CE is brought 
LOW prematurely (after the instruction but before 16 bits 
of data are transferred), the instruction register will be 
reset and the data that was shifted-in will be written to 
RAM. 


lf CE is kept HIGH for more than 24 SK clock cycles (8-bit 
instruction plus 16-bit data), the data already shifted-in will 
be overwritten. 


READ 


The READ instruction contains the 4 bit address of the 
word to be accessed. Unlike the other six instructions, Io 
of the instruction word is a “don’t care”. This provides two 
advantages. In a design that ties both DI and DO 
together, the absence of an eighth bit in the instruction 
allows the host time to convert an I/O line from an output 
to an input. Secondly, it allows for valid data output 
during the ninth SK clock cycle. 


DO, the first bit output during a read operation, is trun- 
cated. That is, it is internally clocked by the falling edge 
of the eighth SK clock; whereas, all succeeding bits are 
clocked by the rising edge of SK (refer to Read Cycle 
Diagram). 


LOW POWER MODE 


When CE is LOW, non-critical internal devices are 
powered-down, placing the device in the standby power 
mode, thereby minimizing power consumption. 
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AUTOSTORE Feature 


The AUTOSTORE instruction (ENAS) sets the 
AUTOSTORE enable latch, allowing the X24C45 to 
automatically perform a store operation when V¢c falls 
below the AUTOSTORE threshold (VasTp). 


WRITE PROTECTION 


The X24C45 provides two software write protection 
mechanisms to prevent inadvertent stores of unknown 
data. 


Power-Up Condition 


Upon power-up the “write enable” and "AUTOSTORE" 
latches are in the reset state, disabling any store opera- 
tion. 


Unknown Data Store 


Previous Recall Latch. The “previous recall” latch must 
be set after power-up. It may be set only by performing 
a software or hardware recall operation, which assures 
that data in all RAM locations is valid. 


SYSTEM CONSIDERATIONS 


Power-On Recall 


The X24C45 performs a power-on recall that transfers 
the E2PROM contents to the RAM array. Although the 
data may be read from the RAM array, this recall does 
not set the “previous recall” latch. During this power-on 
recall operation, all commands are ignored. Therefore, 
the host should delay any operations with the X24C45 a 
minimum of tpyuR after Vcc is stable. 


X24C45 


Figure 1. RAM Read 


oS TX AXKAXAXAYT Xe 


HIGH Z 
(2X8; X 2 X Pa) 


*Bit 8 of Read Instructions is Don’t Care 
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Figure 3. Non-Data Operations 
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X24C45 


Figure 4. X24C45 State Diagram 


POWER ON 
POWER RECALL 
OFF 


RAM READ 


RCL COMMAND 
AUTOSTORE OR RECALL 
POWER DOWN 


RAM READ 


STO OR WREN 
WRDS CMD COMMAND 


RAM 
RAM READ READ & WRITE RAM RAM READ 
OR WRITE ENABLED READ & WRITE OR WRITE 


ENAS COMMAND 
STORE ENABLED saline 


STORE 
a AUTOSTORE ENABLED 
ENABLED 
WREN 
COMMAND 3833 FHD F12 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................00. —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground .................::0008 —1.0V to +7.0V 
DG, OURIUE CUIVGID, sasiscciiisieresomievnencenennswoneondeddtanicins 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ..................ceceeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


3833 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


3833 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Parameter 
Voc Supply Current 


(TTL Inputs) 

Voc Supply Current 
(During AUTOSTORE) 

Voc Standby Current 
(TTL Inputs) 

Voc Standby Current 


(CMOS Inputs) 

Input Load Current 
Output Leakage Current 
Input Low Voltage 

Input High Voltage 
Output Low Voltage 
Output High Voltage 
Output Low Voltage (AS) 


ENDURANCE AND DATA RETENTION 


Nh 
aay 


! ~ 
cS . 


Parameter 


Endurance 
Store Cycles 
Data Retention 


CAPACITANCE Ta = 25°C, f = 1 MHz, Voc = 5V 


Symbol 


100,000 
1,000,000 Store Cycles 


Parameter «CMa 
input Capacitance 3 


10 mA SK = 0.4V/2.4V Levels @ 1 MHz, 
DO = Open, All Other Inputs = Viy 


All Inputs = Vjy, CE = Vi. 

DO = Open, Vcc = 4.3V 

DO = Open, CE = Vi, 

All Other Inputs = Viy 

DO = Open, CE = GND 

All Other Inputs = Voc — 0.3V 


3833 PGM T06 


Notes: (1) Vi min. and Vj max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


X24C45 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 
Input Rise and 
Fall Times 10 ns 
Input and Output 
Timing Levels 1.0 


OUTPUT 3833 PGM T07 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read and Write Cycle Limits 


POWER-UP TIMING 


Power-up to Read Operation 


4) 
Power-up to Write or Store Operation 


3833 PGM TO9 


Notes: (3) SK rise and fall times must be less than 50 ns. 
(4) tpyuR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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Write Cycle 


SK CYCLE # 


SK 


Ips pa DH 
\ 
XT FX 
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Read Cycle 


SK CYCLE # 


: ma 
Z 


VIH 
CE 


‘PD 


LPN TPIS I II VII EP LTS 


= oo . 
HIGH Z 
(00 Kor XY 
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NONVOLATILE OPERATIONS 
Previous 
Software Write Enable Recall Latch 


RECALL Instruction Latch State State 


a a Se: Se A 
Sortware Stor sto see 
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ARRAY RECALL LIMITS 


Symbol | Parameter | Min. | Max, | Units 


Recall Cycle Time ee ee 
Recall Pulse Wiathv@) 
tac? Recall to OulputinHighZ | ———~—«d|~~S«OO «YS 


3833 PGM T11 


Recall Timing 


RECALL 


3833 FHD FO6 


SOFTWARE STORE CYCLE LIMITS 


tT Store Time After Clock 80fSTOCMD | > 


3833 PGM T12 


(5) NOP designates when the X24C45 is not currently executing an instruction. 
(6) Recall rise time must be <10us. 
(7) Typical values are for T, = 25°C and nominal supply voltage. 


Notes: 
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AUTOSTORE Cycle Limits 


Parameter 


AUTOSTORE Cycle Time 


AUTOSTORE Threshold Voltage 


VASTH 


AUTOSTORE Cycle End Voltage 


VASEND 


AUTOSTORE Cycle Timing Diagrams 


Voc 
AUTOSTORE CYCLE IN PROGRESS 


VOLTS (V) 


tasTo 
STORE TIME 


TIME (ms) 


SYMBOL TABLE 


WAVEFORM 
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VASTH 


— - YASEND 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


3833 PGM T13 
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OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24C45 


NOTES 


Preliminary Information 


128 Bit X24C00 16 x 8 Bit 
Serial E2PROM 
FEATURES DESCRIPTION 


© 3V to 5.5V Power Supply 

® 128 Bit Serial E2PROM 

© Low Power CMOS 
—Active Current Less Than 3 mA 
—Standby Current Less Than 50 yA 

e Internally Organized 16 x 8 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 

Byte Mode Write 

Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 

Push/Pull Output 

High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

© 8-Pin Mini-DIP and 8-PIN SOIC Packages 


COMMAND/ADDRESS 
REGISTER 
SHIFT REGISTER 
MEMORY ARRAY 


3836 FHD FO1 


FUNCTIONAL DIAGRAM 


CONTROL 
LOGIC 


INPUT/ 
OUTPUT 


BUFFER 


PIN DESCRIPTIONS 


Serial Clock (SCL) 

The SCL input is used to clock all data into and out of the 
device. 

Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is a push/pull output and does not 
require the use of a pull-up resistor. 


© Xicor, 1991 Patents Pending 
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The X24C00 is a CMOS 128 bit serial E2PROM, inter- 
nally organized as 16 x 8. The X24C00 features a serial 
interface and software protocol allowing operation on a 
simple two wire bus. 


Xicor E7PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


The X24C00 is fabricated with Xicor's Advanced CMOS 
Floating Gate technology. 


PIN CONFIGURATION 


DIP/SOIC 


7 
X24C00 
6 
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PIN NAMES 


Supply Voltage 
Serial Clock 
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Characteristics subject to change without notice 


X24C00 


DEVICE OPERATION 


The X24C00 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as atransmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
Clock for both transmit and receive operations. There- 
fore, the X24C00 will be considered a slave in all 
applications. 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C00 continuously monitors the SDA and 


Figure 1. Data Validity 


SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


A start may be issued to terminate the input of a control 
word or the input of data to be written. This will reset the 
device and leave it ready to begin a new read or write 
command. Because of the push/pull output a start 
cannot be generated while the part is outputting data. 
Starts are also inhibited while a write is in progress. 


Stop Condition 


The stop condition is a low to high transition of SDA 
when SCL is high. The stop condition is used to reset the 
device during a command or data input sequence and 
will leave the device in the standby mode. As with starts, 
stops are inhibited when outputting data and while a 
write is in progress. 


Write Operation 


The byte write operation is initiated with a start condition. 
The start condition is followed by an eight bit control byte 
which consists of a two bit write command (0,1), four 
address bits, and two "don't care" bits (Figure 3). 


! DATA STABLE ! DATA ! 
CHA 
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Figure 2. Definition of Start and Stop Conditions 


SCL | | \ / \ / | 


| 
| 
—= ear er ale [i 
ia I \l 7 | 


| | 
START CONDITION 


Figure 3. Control Byte 


STOP CONDITION Sena epee 


START |C1 C2 A3 A2 A1 AO XX XX 
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After receipt of the control byte the X24C00 will enter the 
write mode and await the data to be written. This data is 
shifted into the device on the next eight SCL clocks. 
Once eight clocks have been received the data in the 
shift register will be written into the memory array. While 
the write is in progress the X24C00 will not respond to 
any inputs. At any time prior to clocking in the last data 
bit a stop command or a new start command will termi- 
nate the operation. If a start command is given the 
X24C00 will reset all counters and will prepare to clock 
in the next control byte. If a stop command is given the 
X24C00 will reset all counters and await the next start 
command. 


At the end of the write the X24C00 will automatically 
reset all counters and enter the standby mode. 
(Figure 4). 


Figure 4. Write Sequence 


START 0 


Figure 5. Read Sequence 


START 1 


Figure 6. Read Cycle Timing 


Read Operation 


The byte read operation is initiated with a start condition. 
The start condition is followed by an eight bit control byte 
which consists of a two bit read command (1,0), four 
address bits, and two "don't care" bits. After receipt of 
the control byte the X24C00 will enter the read mode and 
transfer data into the shift register from the array. This 
data is shifted out of the device on the next eight SCL 
Clocks. At the end of the read all counters are reset and 
the X24C00 will enter the standby mode. As with awrite, 
the read operation can be interrupted by a start or stop 
condition while the commandor address is being clocked 
in. While clocking data out, starts or stops cannot be 
generated. 


During the second don't care clock cycle, starts and 
stops are ignored. The master must free the bus prior to 
the end of this clock cycle to allow the X24C00 to begin 
outputting data (Figures 5 and 6). 


1 A3 A2 Ai AO XX XX D7 D6 DS D4 D3 D2 D1 DO 
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O A3 A2 A1 AO XX XX D7 D6 D5 D4 D3 D2 D1 DO 
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SDA OUT 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


KZA GO crexcecsicansnannionna osiinivantinnioierstan —65°C to +135°C 

Storage Temperature ................. —65°C to +150°C 
Voltage on any Pin with 

PESDOCt 10) VSS veciscicoptetestnsosarniciares: —1.0V to +7.0V 
DG. OU UT GUrr GI. sccsaccuscceessacasxavecasiasssoateaateners 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) .................s:sssereeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


3836 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24C00 5V+10% 
X24C00-3 SV to 5.5V 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol 


Vcc Supply Current Read 
Voc Supply Current Write 


Voc Standby Current 
Voc Standby Current 


V 
Voo=08 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voc = 5V 


Cin( 


Input/Output Capacitance (SDA) 8 | pF | Woe OV 
2) Input Capacitance (SCL) | 6 |) pF, = 


SCL = SDA =Vcec 
Voc = 5V+10% 


SCL =SDA=Vec 
Voc = 3V 


Vin = GND to Voc 


Vout = GND to Vcc 


3841 PGM T04 


Test Conditions 


3836 PGM T05 


Notes: (1) Vi min. and Vij max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


X24C00 


POWER-UP TIMING 


tpyuR(s) Power-up to Read Operation 
tpuwl?) Power-up to Write Operation 5 


3836 PGM T08 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels Voc x 0.1 to Vec x 0.9 
Input Rise and 
Fall Times 

Input and Output 

Timing Levels Voc x 0.5 


Output 3836 PGM T06 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read & Write Cycle Limits 


New Transmission Can Start 


| ta | SDA and SCL Rise Time 


tr 
SDA and SCL Fall Time 
50 
Data Out Hold Time 50 


3836 PGM T07 


Note: (3) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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Bus Timing 


soaouT AXKXK KA 
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WRITE CYCLE LIMITS 


symbol | Parameter | Min. | Max | Units 
Write CycleTime | | | ms 


3836 PGM TO9 


Write Cycle Timing 


START X24C00 
CONDTION ADDRESS 


3836 FHD F11 


Note: (4) The write cycle time is the time from the initiation of a write sequence to the end of the internal erase/program cycle. During the 
write cycle, the X24C00 bus interface circuits are disabled, SDA is high impedance, and the device does not respond to start 
conditions. 
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Advance Information 


128 Bit X24001 16 x 8 Bit 
identi” PROM 
FEATURES DESCRIPTION 


¢ 2.7V to 5.5V Power Supply 

128 Bit Serial E2PROM 

Low Power CMOS 

—<Active Current Less Than 1 mA 
—Standby Current Less Than 50 uA 
Internally Organized 16 x 8 

2 Wire Serial Interface 

High Voltage Programmable Only 
—Vpcm; 12V to 15V 

Push/Pull Output 

High Reliability 

—Data Retention: 100 Years 

¢ 8-Pin Mini-DIP and 8-PIN SOIC Packages 


The X24001 is a CMOS 128 bit serial E7PROM, inter- 
nally organized as 16 x 8. The X24001 features a serial 
interface and software protocol allowing operation on a 
simple two wire bus. 


The X24001 is ideally suited for identification applica- 
tions such as serial numbers or device revision numbers 
which need to be stored and retrieved electronically. 


Vpcm is used to enable writes to the device. This 
provides full protection of the data in the user’s environ- 
ment where Vpevn is not available. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


The X24001 is fabricated with Xicor's Advanced CMOS 
Floating Gate technology. 


FUNCTIONAL DIAGRAM 


CONTROL 
LOGIC 


INPUT/ 
OUTPUT 


COMMAND/ADDRESS 
REGISTER 
SHIFT REGISTER 
MEMORY ARRAY 
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BUFFER 


PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 

SDA is a bidirectional pin used to transfer data into and 
out of the device. It is a push/pull output and does not 
require the use of a pull-up resistor. During the program- 
ming operation, SDA is an input. 

IDENTI™ PROM is a trademark of Xicor, Inc. 
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PIN CONFIGURATION 


DIP/SOIC 


X24001 


3830 FHD F02 


PIN NAMES 


3830 PGM T01 


Characteristics subject to change without notice 


X24001 


DEVICE OPERATION 


The X24001 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as a transmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X24001 will be considered a slave in all appli- 
Cations. 


Clock and Data Conventions 


Data states onthe SDAline can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Figure 1. Data Validity 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24001 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


A start may be issued to terminate the input of a control 
word or the input of data to be written. This will reset the 
device and leave it ready to begin a new read or write 
command. Because of the push/pull output a start 
cannot be generated while the part is outputting data. 
Starts are also inhibited while a write is in progress. 


Stop Condition 


The stop condition is a low to high transition of SDA 
when SCL is high. The stop condition is used to reset the 
device during a command or data input sequence and 
will leave the device in the standby mode. As with starts, 
stops are inhibited when outputting data and while a 
write is in progress. 


| DATASTABLE ! DATA ! 
CHA 
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Figure 2. Definition of Start and Stop Conditions 


SCL | | \ / \ / | 


SDA AN / \ [| 


| | 
START CONDITION 


STOP CONDITION 3830 FHD Fo4 
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Programming Operation 


Programming of the X24001 is performed one byte ata 
time. After each byte is written a delay equal to the write 
cycle time of 5ms must be observed before initiating the 
next write cycle. 


The sequence of operations is: first raise the SCL pin to 
Vpcam and generate a High to LOW transition of SDA 
(programming mode start); this is followed by eight bits 
of data containing the program command bits, four 
address bits and two don’t care bits; this is immediately 
followed by the 8-bit data byte. 


The timing of the operation conforms to the standard 
A.C. timing requirements and follows the sequence 
shown below. After generating the Programming Mode 
start condition the SCL High level can be either Vj 


or Vpem. 


Figure 3. Programming Sequence 


0/1 NRIXREXA IRAN AKDADEDED4KDSKDZD 100) 
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Factory Programming Service 


The X24001 can be programmed with customer specific 
data prior to shipment. The data programmed can be in 
two forms: static data pattern where there is no change 
in the data in a group of devices or sequential data, such 
as a base number incremented by one for each device 
tested and shipped. 


Customers requiring one of these services should con- 
tact their local sales office for ordering procedures and 
service charges. 


3830 FHD F05 
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Read Operation 


The byte read operation is initiated with a start condition. 
The start condition is followed by an eight bit control byte 
which consists of a two bit read command (1,0), four 
address bits, and two "don't care" bits. After receipt of 
the control byte the X24001 will enter the read mode and 
transfer data into the shift register from the array. This 
data is shifted out of the device on the next eight SCL 
clocks. At the end of the read all counters are reset and 


Figure 4. Read Sequence 


START 1 O A3 A2 At 


Figure 5. Read Cycle Timing 


SCK 


SDA IN 


AO XX XX D7 D6 Dd D4 D3 D2 DI 


the X24001 will enter the standby mode. As with a write, 
the read operation can be interrupted by a start or stop 
condition while the commandor address is being clocked 
in. While clocking data out, starts or stops cannot be 
generated. 


During the second don't care clock cycle, starts and 
stops are ignored. The master must free the bus prior to 
the end of this clock cycle to allow the X24001 to begin 
outputting data (Figures 4 and 5). 


DO 


3830 FHD FO06 


CP €:2 €:2 


SDA OUT 
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X24001 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


KZAOOD aninssasnsindasiversineenetennsastaacs —65°C to +135°C 

Storage Temperature ................. —65°C to +150°C 
Voltage on any Pin with 

RESPe@Ct tO Vs5....eecccceccsessescsesceeseecesens —1.0V to +7.0V 

| Os eee ne eee ee eee —1.0V to +17V 
D.C. QOUIDUT CUIVOIh occssscnisescacansttasnasaesieniiavernionss 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ...............cccceeceeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


Industrial 


3830 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24001 5V+10% 
X24001-3 3V to 5.5V 
X24001-2.7 2.1 10 5.5V 


3830 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol 


Voc Supply Current Read 
Voc Standby Current 
Voc Standby Current 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voc = 5V 


Limits 


SCL =SDA=Vcc 
Voc =5V+10% 
SCL =SDA=Vec 
Voc = 3V 

Vin = GND to Voc 
Vout = GND to Vcc 


Input/Output Capacitance (SDA) 


Input Capacitance (SCL) 


3830 PGM T05 


Notes: (1) Vi min. and Vj} max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


X24001 


POWER-UP TIMING 


Symbol Parameter p Max, | 
Power-up to Read Operation 


Power-up to Write Operation 


3830 PGM T06 


EQUIVALENT A.C. LOAD CIRCUIT A.C. CONDITIONS OF TEST 


Input Pulse Levels Voc X 0.1 to Vec x 0.9 
Input Rise and 

Fall Times 

Input and Output 

Timing Levels Voc x 0.5 


3830 PGM T07 


5.0V 


2159Q 
Output 
3065 T 100pF 


3830 FHD F08 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read & Write Cycle Limits 


-symbot_| Parameter |i | Max 
| tsc.___—|~— SCL Clock Frequency | 

tw | ~—SCLLowtoSDADataOutValid | | 850s 

New Transmission Can Start 

-twosta | StanConditionHoldTime ssid =SSC|SSSC~dSC(‘étNSC™ 
- tow | ClockLowPeriod. ——SS~=<“—*é~SC*‘écHTO!OC*SSO™*™*C*~*~*é‘(Y!*#N‘s‘saS”SCs™” 
[tien | ClockHigh Period ——SSSS~=~—~sSC“‘zOTSC*dG=C“‘#CNSCNNSNNOC*CN’SCOUNSSS 
-tsusta__| Start Condition Setup Time «| S50Ss| CdS 
[tuooar | _DatainHoldTime —SS~=<‘“YSC“‘(‘<CO;S!™SCdTSOCOC~*~“‘SCC#CLSOC‘*édSSCCd’ 
-tsuoatr | _DatainSetupTime———SSSS—=«dSC(“‘cwSON!OCLOOUOOOC~C*«dSCti‘iSS 
ta | SDAandSCLRiseTime |S SiYSC CST 
(te | SDAandSCLFaltme S| SC«TCSCi“‘ CYS 
/tsusto | _StopCondition SetupTime—s«|~—=80s|SSC«dSCs 
[ton | DataQutHoldTime SS Ss~=—<~wS*C“<‘iOSCSdSSSC‘“‘CSNSC#*'TOUOST 


3830 PGM T08 
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X24001 


Bus Timing 


'HD:STA 'HD:DAT 


oa .0.0,0,00.0,0,0,0.0,0,0 Cn 


3830 FHD FO9 


WRITE CYCLE LIMITS 


[symbor [Parameter «omnia. «SSC its 


3830 PGM T09 


Write Cycle Timing 


START X24001 
CONDTION ADDRESS 


3830 FHD F10 


Note: (3) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
(4) The write cycle time is the time from the initiation of a write sequence to the end of the internal erase/program cycle. During the 
write cycle, the X24001 bus interface circuits are disabled, SDA is high impedance, and the device does not respond to start 
conditions. 
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X24001 


NOTES 
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Preliminary Information 


1K X24C01 128 x 8 Bit 
Serial E2PROM 


FEATURES DESCRIPTION 
¢ 3V to 5.5V Power Supply The X24C01 is a CMOS 1024 bit serial E2PROM, 
¢ Low Power CMOS internally organized as 128 x 8. The X24C01 features a 
—Active Current Less Than 1 mA serial interface and software protocol allowing operation 
—Standby Current Less Than 50 yA on a simple two wire bus. cit 
¢ Internally Organized 128 x 8 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Four Byte Page Write Mode 

Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 

High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

¢ 8-Pin Mini-DIP and 8-PIN SOIC Packages 


FUNCTIONAL DIAGRAM 


(8) Voc —— 
(4) Vss _—_—__— START CYCLE H.V. GENERATION 
TIMING 
& CONTROL 
(5) SDA 


j CONTROL 
LOGIC 
E2PROM 
XDEC 
oes . | ss 
WORD 
ADDRESS 
COUNTER 


ce D 
DATA REGISTER OUT 


DouT 
ACK 


3837 FHD F01 
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X24C01 


PIN DESCRIPTIONS PIN CONFIGURATION 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


ri 
X24C01 


An open drain output requires the use of a pull-up 9837 FHD F02 
resistor. For selecting typical values, refer to the Guide- 
lines for Calculating Typical Values of Bus Pull-Up 
Resistors graph. 


PIN NAMES 


SCL 


3837 PGM TO01 


X24C01 


3837 FHD FO3 


A.C. CONDITIONS OF TEST 


Input Pulse Levels Voc x 0.1 to Voc x 0.9 
Input Rise and 

Fall Times 10 ns 

Input and Output 

Timing Levels Voc x 0.5 


3837 PGM T02 


OUTPUT 


3837 FHD F16 
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X24C01 


DEVICE OPERATION 


The X24C01 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as atransmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X24C01 will be considered a slave in all 
applications. 


Figure 1. Data Validity 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C01 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


| DATA STABLE ! DATA ! 
CHANGE 
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X24C01 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24C01 to place the device in the standby power mode 
after a read sequence. A stop condition can only be 
issued after the transmitting device has released the 
bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


Figure 2. Definition of Start and Stop 


The X24C01 will respond with an acknowledge after 
recognition of a start condition, a seven bit word address 
and a R/W bit. Ifa write operation has been selected, the 
X24C01 will respond with an acknowledge after each 
byte of data is received. 


In the read mode the X24C01 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C01 
will continue to transmit data. If an acknowledge is not 
detected, the X24C01 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C01 to the standby power mode and 
place the device into a known state. 


SCL | | \ / \ / | 


we I\ / \ / | 


| | 
START CONDITION 


Figure 3. Acknowledge Response From Receiver 


SCL FROM 
MASTER 


TRANSMITTER 


DATA 
OUTPUT 
FROM 
RECEIVER 


| | 
STOP CONDITION 
3837 FHD FO7 


ACKNOWLEDGE 
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X24C01 


WRITE OPERATIONS 
Byte Write 


To initiate a write operation, the master sends a start 
condition followed by a seven bit word address and awrite 
bit. The X24C01 responds with an acknowledge, then 
waits for eight bits of data and then responds with an 
acknowledge. The master then terminates the transfer by 
generating a stop condition, at which time the X24C01 
begins the internal write cycle to the nonvolatile memory. 
While the internal write cycle is in progress, the X24C01 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 4 for the 
address, acknowledge and data transfer sequence. 


Page Write 
The most significant five bits of the word address define 


Figure 4. Byte Write 


BUS ACTIVITY: 


SDA LINE 


S 
1 
A 
R 
T 


BUS ACTIVITY: 
X24C01 


Figure 5. Page Write 


WORD 


BUS ACTIVITY: ADDRESS (n) 


SDA LINE 


BUS ACTIVITY: 
X24C01 


WORD 
ADDRESS (n) 
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the page address. The X24C01 is capable of a four byte 
page write operation. It is initiated in the same manner as 
the byte write operation, but instead of terminating the 
transfer of data after the first data byte, the master can 
transmit up to three more bytes. After the receipt of each 
data byte, the X24C01 will respond with an acknowledge. 


After the receipt of each data byte, the two low order 
address bits are internally incremented by one. The high 
order five bits of the address remain constant. If the 
master should transmit more than four data bytes prior 
to generating the stop condition, the address counter will 
“roll over” and the previously transmitted data will be 
overwritten. As with the byte write operation, all inputs 
are disabled until completion of the internal write cycle. 
Refer to Figure 5 forthe address, acknowledge and data 
transfer sequence. 


J 


3837 FHD FO9 


3837 FHD F10 


X24C01 


Acknowledge Polling Figure 6. ACK Polling Sequence 
The disabling of the inputs can be used to take advan- 

tage of the typical 5 ms write cycle time. Once the stop WRITE OPERATION 

condition is issued to indicate the end of the host’s write COMPLETED 

operation the X24C01 initiates the internal write cycle. ENTER ACK POLLING 

ACK polling can be initiated immediately. This involves 

issuing the start condition followed by the word address 

fora write operation. If the X24C071 is still busy with the ISSUE 

write operation no ACK will be returned. If the X24C01 START 


has completed the write operation an ACK will be 
returned and the controller can then proceed with the 


next read or write operation. ISSUE SLAVE —— 
READ OPERATIONS ADDRESS AND R/W = 0 
Read operations are initiated in the same manner as 
write operations with exception that the R/W bit of the 
word address is set to a one. There are two basic read 
operations: byte read and sequential read. 

YES 


lt should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 


operation, the master must either issue a stop condition Pact os 
during the ninth cycle or hold SDA HIGH during the ninth A WRITE? 


clock cycle and then issue a stop condition. 
To initiate a read operation, the master sends a start 


condition followed by a seven bit word address and a 


read bit. The X24C01 responds with an acknowledge 
and then transmits the eight bits of data. The read PROCEED PROCEED 
operation is terminated by the master; by not responding 


with an acknowledge and by issuing a stop condition. 3897 FHD E11 
Refer to Figure 7 for the start, word address, read bit, 
acknowledge and data transfer sequence. 


Figure 7. Byte Read 


S 
T wo = 

BUS ACTIVITY: A apoeeee i uA 

MASTER 8 o 

SDA LINE il PP 

BUS ACTIVITY: . : i , 

X24C01 OB B * K  _DATAn 


3837 FHD F12 
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X24C01 


Sequential Read 


Sequential read is initiated in the same manner as the 
byte read. The first data byte is transmitted as with the 
byte read mode, however, the master now responds 
with an acknowledge, indicating it requires additional 
data. The X24C01 continues to output data for each 
acknowledge received. The read operation is termi- 
nated by the master; by not responding with an acknowl- 
edge and by issuing a stop condition. 


Figure 8. Sequential Read 


BUS ACTIVITY: ADDRESS 


SDA LINE 


BUS ACTIVITY: 
X24C01 


Figure 9. Typical System Configuration 


MASTER 
TRANSMITTER/ 
RECEIVER 


SLAVE 
RECEIVER 


TRANSMITTER/ 
RECEIVER 
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The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
127) the counter “rolls over” to zero and the X24C01 
continues to output data for each acknowledge re- 
ceived. Refer to Figure 8 for the address, acknowledge 
and data transfer sequence. 


DATA n+x 


3837 FHD F13 


Vcc 


PULL-UP 
RESISTORS 


MASTER 
TRANSMITTER/ 
RECEIVER 


MASTER 
TRANSMITTER 
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X24C01 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................6. —65°C to +150°C 
Voltage on any Pin with 

FRESDOCL TO WSS cocsetuscscoraranapreotcovene —1.0V to +7.0V 
DC: UME CUNT CINE sxcninsicesiecnceradssexcauidaieraneteennses 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ................:sssesseeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Test Conditions 
SCL = Vcc x 0.1/Vec x 0.9 Levels 
@ 100 KHz, SDA = Open 
SCL = SDA = Vcc, 
Voc = 5V+10% 


Input/Output Capacitance (SDA) 


Input Capacitance (SCL) 


Notes: (1) Must perform a stop command prior to measurement. 


Vin = OV 


3837 PGM T05 


(2) Vi min. and Viy max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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X24C01 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 
Read & Write Cycle Limits 


SCL Clock Frequency 


4 _ Noise Suppression Time 
Constant at SCL, SDA Inputs 


tBuF Time the Bus Must Be Free Before a 
New Transmission Can Start 


Start Condition Hold Time | ; 
Clock Low Period a 
Clock High Period ee a a Sa 


Start Condition Setup Time 
Data In Hold Time a 
Data In Setup Tine 


SDA and SCL Rise Time 
SDA and SCL Fall Time 
Stop Condition Setup Time 4.7 


toH Data Out Hold Time 


Parameter 


Power-up to Read Operation 
Power-up to Write Operation 


3837 PGM T07 
Bus Timing 


~ pt | 
ISU:STA 'HD:STA  ‘'HD:DAT | ISU:DAT 


ae |) 


SC 000,0,0.0,0,0,00.0,0,0, Co, 


3837 FHD FO4 


Note: (4) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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WRITE CYCLE LIMITS 


Symbol Parameter 
Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24C01 


Typ.(9) 


3837 PGM T0O8 
bus interface circuits are disabled, SDA is allowed to 
remain high, and the device does not respond to its word 
address. 


Write Cycle Timing 


8th BIT 


X24C01 
ADDRESS 


STOP START 
CONDITION CONDITION 


3837 FHD FO5 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 
(6) twr is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 


Guidelines for Calculating Typical Values of SYMBOL TABLE 


Bus Pull-Up Resistors 


WAVEFORM 


MAX. 
RESISTANCE 


Sian 
weave |_| 


RESISTANCE (KQ) 


20 40 60 80 100 120 


BUS CAPACITANCE (pF) 


3837 FHD F15 
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INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


Preliminary Information 


1K X24C01A 128 x 8 Bit 
Serial E2PROM 
FEATURES DESCRIPTION 


2.7V to 5.5V Power Supply 

Low Power CMOS 

—Active Current Less Than 1 mA 
—Siandby Current Less Than 50 pA 
Internally Organized 128 x 8 

Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Four Byte Page Write Operation 
—Minimizes Total Write Time Per Byte 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

New Hardwire — Write Control Function 


FUNCTIONAL DIAGRAM 


(8) Voc —— 
(4) \so 
(7) WC 


(5) SDA START 
Stor 
LOGIC 


CONTROL 
SLAVE ADDRESS 
XDEC E2PROM 
5: 32x32 
eT 
b= = 


‘fe REGISTER 
(6) SCL COMPARATOR 
( 


(1) Ao 
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WORD 


ADDRESS 
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The X24C01A is a CMOS 1024 bit serial E-PROM, in- 
ternally organized 128 x 8. The X24C01A features a 
serial interface and software protocol allowing operation 
ona simple two wire bus. Three address inputs allow up 
to eight devices to share a common two wire bus. 


Xicor E7PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. Available in an eight 
pin DIP and SOIC package. 


START CYCLE H.V. GENERATION 
TIMING 
& CONTROL 


D 
DATA REGISTER Vl 


3841 FHD FO01 


Characteristics subject to change without notice 


X24CO1A 


PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Guide- 
lines for Calculating Typical Values of Bus Pull-Up 
Resistors graph. 


Address (Ao, Aj, Ag) 


The address inputs are used to set the least significant 
three bits of the seven bit slave address. These inputs 
can be static or actively driven. If used statically they 
must be tied to Vss or Vcc as appropriate. If actively 
driven, they must be driven to Vss or to Vcc. 


WRITE CONTROL (WC) 


The Write Control input controls the ability to write to the 
device. When WC is LOW (tied to Vgs) the X24C01 Awill 
be enabled to perform write operations. When WC is 
HIGH (tied to Vcc) the internal high voltage circuitry will 
be disabled and all writes will be disabled. 


DEVICE OPERATION 


The X24C01A supports a bidirectional bus oriented 
protocol. The protocol defines any device that sends 
data onto the bus as a transmitter, and the receiving 
device as the receiver. The device controlling the trans- 
fer is a master and the device being controlled is the 
slave. The master will always initiate data transfers and 
provide the clock for both transmit and receive opera- 
tions. Therefore, the X24C01A will be considered a 
slave in all applications. 
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PIN CONFIGURATION 


DIP/SOIC 


2 F 
4CO1A 
3 X24C 6 


3841 FHD F02 


PIN NAMES 


3841 PGM T01 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C01A continuously monitors the SDA 
and SCL lines forthe start condition and will not respond 
to any command until this condition has been met. 


X24CO1A 


Figure 1. Data Validity 


|! DATASTABLE ! DATA ! 
CH 


| | 
START BIT 


Stop Condition 


All communications must be terminated by a stop condi- 
tion, which is a LOW to HIGH transition of SDA when SCL 
is HIGH. The stop condition is also used by the X24C01A 
to place the device into the standby power mode after a 
read sequence. A stop condition can only be issued after 
the transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


Figure 3. Acknowledge Response From Receiver 


SCL FROM 
MASTER 


DATA 
OUTPUT 


FROM 
TRANSMITTER 


RECEIVER 


2-51 


ANGE 3841 FHD FO5 


3841 FHD FO6 


The X24C01A will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24C01A will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


Inthe read mode the X24C01A will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C01A 
will continue to transmit data. If an acknowledge is not 
detected, the X24C01A will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C01A to the standby power mode and 
place the device into a known state. 


ACKNOWLEDGE 3841 FHD FO7 


X24CO1A 


DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (see Figure 4). For the X24C01A this is fixed as 
1010/[B]. 


Figure 4. Slave Address 


DEVICE TYPE 
IDENTIFIER 


DEVICE 


ADDRESS 
3841 FHD F08 


The next three significant bits address a particular 
device. A system could have up to eight X24CO01A 
devices onthe bus (see Figure 10). The eight addresses 
are defined by the state of the Ap, A; and Ap inputs. 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Figure 5. Byte Write 


Following the start condition, the X24C01A monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of Ao, 
A; and Azinputs). Upon acorrect compare the X24C01A 
outputs an acknowledge onthe SDA line. Depending on 
the state of the R/W bit, the X24C01Awill execute aread 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24C01A requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
the 128 words of memory. Note: the most significant bit 
is a don’t care. Upon receipt of the word address the 
X24C01A responds with an acknowledge, and awaits 
the next eight bits of data, again responding with an 
acknowledge. The master then terminates the transfer 
by generating a stop condition, at whichtime the X24C01A 
begins the internal write cycle to the nonvolatile memory. 
While the internal write cycle is inprogress the X24C01A 
inputs are disabled, and the device will not respond to 
any requests from the master. Refer to Figure 5 for the 
address, acknowledge and data transfer sequence. 


iS 

T SLAVE WORD S 
BUS ACTIVITY: A Ss ADDRES : 
iti 5 ADDRE ESS DATA i 

a Se 
SDA LINE Pott No th LP 

A A A 

BUS ACTIVITY: C C C 
X24CO1A K K 3841 FHD Fog 


Figure 6. Page Write 


SLAVE 
ADDRESS WORD ADDRESS n 


BUS ACTIVITY: 2 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X24CO1A 


NOTE: In this example n = xxxx 0000 (B); x = 1 or O 
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ao \Sanaaea SeaEeana ao es 
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Page Write 


The X24C01A is capable of an four byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to three more words. Afterthe receipt of each 
word, the X24C01A will respond with an acknowledge. 


After the receipt of each word, the two low order address 
bits are internally incremented by one. The high order 
five bits of the address remain constant. If the master 
should transmit more than four words prior to generating 
the stop condition, the address counter will “roll over’ 
and the previously written data will be overwritten. As 
with the byte write operation, allinputs are disabled until 
completion of the internal write cycle. Refer to Figure 6 
for the address, acknowledge and data transfer 
sequence. 


Acknowledge Polling 


The disabling of the inputs, during the internal write 
operation, can be used to take advantage of the typical 
5 ms write cycle time. Once the stop condition is issued 
to indicate the end of the host’s write operation the 
X24C01A initiates the internal write cycle. ACK polling 
can be initiated immediately. This involves issuing the 
start condition followed by the slave address for a write 
operation. If the X24C01A is still busy with the write 
operation no ACK will be returned. If the X24C01A has 
completed the write operation an ACK will be returned 
and the master can then proceed with the next read or 
write operation (See Flow 1). 


READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to aone. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 
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Flow 1. ACK Polling Sequence 


WRITE OPERATION 
COMPLETED 
ENTER ACK POLLING 


ISSUE SLAVE 
ADDRESS AND R/W = 0 


ISSUE STOP 


RETURNED? 


NEXT 
OPERATION 
A WRITE? 


YES 


ISSUE STOP 
PROCEED 


3841 FHD F11 


X24CO1A 


Current Address Read 


Internally the X24C01A contains an address counter 
that maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
areadorwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W set to one, the X24C01A 
issues an acknowledge and transmits the eight bit word 
during the next eight clock cycles. The read operation is 
terminated by the master; by not responding with an 
acknowledge and by issuing a stop condition. Refer to 
Figure 7 for the sequence of address, acknowledge and 
data transfer. 


Figure 7. Current Address Read 


S 
7 
BUS ACTIVITY: A 
MASTER R 
SDA LINE 


BUS ACTIVITY: 
X24CO1A 


Figure 8. Random Read 
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BUS ACTIVITY: ADDRESS 
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SDA LINE ree 
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SLAV 
ADDRESS 


WORD 
ADDRESS n 
SS | iain. 


VE 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition andthe slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24C01A and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Referto Figure 8 forthe address, acknowledge and data 
transfer sequence. 


| Ze 
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A ADDRESS 
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X24CO1A 


Sequential Read 


Sequential Read can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24C01A continues to 
output data for each acknowledge received. The read 
operation is terminated by the master, by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 


SLAVE 
BUS ACTIVITY: pEELES 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X24CO1A 


MASTER 
TRANSMITTER/ 
RECEIVER 


DATA n+1 


TRANSMITTER/ 
RECEIVER 


The data output is sequential, with the datafrom address 
n followed by the data from n+ 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
127), the counter “rolls over” to address 0 and the 
X24C01A continues to output data for each acknowl- 
edge received. Refer to Figure 9 for the address, ac- 
knowledge and data transfer sequence. 


DATA n+2 DATA n+x 


3841 FHD F14 


MASTER 
TRANSMITTER/ 
RECEIVER 


MASTER 
TRANSMITTER 
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X24CO1A 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ....................0. —65°C to +150°C 
Voltage on any Pin with 

FQSDOCL IO VSS sciscsiccnssteisais co Aerdecin! —1.0V to +7V 
D.C. Output Current ...cc.ccccsnececddecerccnseheveensssnssseccss 5mA 
Lead Temperature 

(Soldering, 10 Seconds) ....................c:cceee 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [Min 
Military 


3841 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24C01A 4.5V to 5.5V 
X24C01A-3.5 3.5V to 5.5V 
X24C01A-3 OV 5o5Y 

X24C01A-2.7 2.7V to 5.5V 


3841 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Power Supply Current 
(read) 


Power Supply Current 
(write) 


Standby Current 


Standby Current 


lL 
Ve 


Input/Output Capacitance (SDA) 


Voc + 0.5 


Woo +05” 
ious 3mA 


SCL = Vcc x 0.1/Vcc x 0.9 Levels 
@ 100 KHz, SDA = Open, All Other 
Inputs = GND or Voc — 0.3V 


SCL = Vcc x 0.1/Vcec x 0.9 Levels 
@ 100 KHz, SDA = Open, All Other 
Inputs = GND or Veco — 0.3V 


SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Voc = 5.5V 

SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc Voc=3.3V + 10% 


3841 PGM T04 


Input Capacitance (Ao, A;, Az, SCL, WC) 


Notes: (1) Must perform a stop command prior to measurement. 


3841 PGM T06 


(2) Vi_ min. and Vj max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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X24C01A 


A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc x 0.1 to Voc x 0.9 
input Rise and Fall Times 
Input and Output Timing Levels 


3841 PGM T07 


5.0V 


153sQ 
Output 


F 
rT 


A.C. CHARACTERISTICS LIMITS (Over recommended operating conditions unless otherwise specified) 
Read & Write Cycle Limits 


3841 FHD F17 


SDA and SCL Fall Time 
tsu:sto | Stop Condition Setup Time 
toy Data Out Hold Time 


(4) Power-Up to Read Operation 1 
Power-Up to Write Operation 


3841 PGM T08 


: 
nn 


3841 PGM TO9 


THIGH 


'HD:STA ‘'HD:DAT 


soacuT XXX) 


3841 FHD FO3 


Note: (4) tpyurR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. 
These parameters are periodically sampled and not 100% tested. 
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X24CO1A 


WRITE CYCLE LIMITS 


Symbol Parameter | Min, | Typ.(5) 


Write Cycle Time 


3841 PGM T10 
The write cycle time is the time from a valid stop bus interface circuits are disabled, SDA is allowed to 
condition of a write sequence to the end of the internal remain high, andthe device does not respond to its slave 


erase/program cycle. During the write cycle, the X24C01A address. 


Write Cycle Timing 


8th BIT ACK 


WORD n 


STOP START X24CO01A 
CONDITION CONDITION ADDRESS 


3841 FHD F04 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 
(6) twrR is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


Guidelines for Calculating Typical Values of Bus SYMBOL TABLE 


Pull-Up Resistors 
WAVEFORM INPUTS OUTPUTS 


Must be Will be 
steady steady 


May change Will change 
from Low to from Low to 
High High 


on 
MAX 

es T | 
ome [| 


MAX. 
RESISTANCE 
\ May change Will change 


from High to from High to 
Low Low 


RESISTANCE (KQ) 


Don't Care: Changing: 
Changes State Not 
Allowed Known 


MIN. 
RESISTANCE ee 


0 20 40 60 80 100 120 


Center Line 
N/A is High 
Impedance 


BUS CAPACITANCE (PF) sear cup ete 
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Preliminary Information 


Pin 7 No Connect ® 
1K X24012 128 x 8 Bit 
Serial E-PROM 

FEATURES DESCRIPTION 


2.7 to 5.5V Power Supply 

Low Power CMOS 

—Active Current Less Than 1 mA 
—Standby Current Less Than 50 pA 
Internally Organized 128 x 8 

Self Timed Write Cycie 

—Typical Write Cycle Time of 5 ms 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Four Byte Page Write Operation 
—Minimizes Total Write Time Per Byte 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 


The X24012 is a CMOS 1024 bit serial E2PROM, in- 
ternally organized as one 128 x 8 bank. The X24012 
features a serial interface and software protocol allow- 
ing operation on a simple two wire bus. Three address 
inputs allow up to eight devices to share a common two 
wire bus. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. The X24012 is avail- 
able in eight pin DIP and SOIC packages. 


FUNCTIONAL DIAGRAM 


(8) Voc —— 
(4) Vgs —— 


WORD 


H.V. GENERATION 
TIMING 
& CONTROL 


START CYCLE 


i CONTROL 
ey LOGIC 
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= REGISTER plist 
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ADDRESS 


oe —— TT 

clue OUNTER 

” by Shar mel 
Ss 


meee YDEC 
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X24012 


PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Guide- 
lines for Calculating Typical Values of Bus Pull-Up 
Resistors graph. 


Address (Apo, Ai, A2) 


The address inputs are used to set the least significant 
three bits of the seven bit slave address. These inputs 
can be static or actively driven. If used statically they 
must be tied to Vss or Vcc as appropriate. If actively 
driven, they must be driven to Vss or to Vcc. 
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PIN CONFIGURATION 


DIP/SOIC 


£ 
X24012 
6 


3847 FHD F02 


PIN NAMES 


Address Inputs 

Serial Data 

Pp SCL | sCSSerial Clock 
[NC | ———SCNoConnect 


Vo 


3847 PGM TO1 


X24012 


DEVICE OPERATION 


The X24012 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X24012 will be considered a slave in all 
applications. 


Figure 1. Data Validity 


| | 
START BIT 


Clock and Data Conventions 

Data states onthe SDA line canchange only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24012 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


3847 FHD F05 


3847 FHD F06 


X24012 


Stop Condition 


All communications must be terminated by a stop condi- 
tion, which is a_LOW to HIGH transition of SDA when SCL 
is HIGH. The stop condition is also used by the X2401 2 to 
place the device into the standby power mode after a read 
sequence. A stop condition can only be issued after the 
transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


Figure 3. Acknowledge Response From Receiver 


SCL FROM 
MASTER 


DATA 
OUTPUT 


FROM 
TRANSMITTER 


DATA 
OUTPUT 
FROM 
RECEIVER 
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The X24012 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24012 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24012 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24012 
will continue to transmit data. If an acknowledge is not 
detected, the X24012 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24012 to the standby power mode and 
place the device into a Known state. 


ACKNOWLEDGE 3847 FHD F07 


X24012 


DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (see Figure 4). For the X24012 this is fixed as 
1010/[B]. 


Figure 4. Slave Address 


DEVICE TYPE 
IDENTIFIER 


Ai AO R/W 


a 
DEVICE 


ADDRESS 
3847 FHD FO8 


The next three significant bits address a particular 
device. Asystem could have up to eight X24012 devices 
on the bus (see Figure 10). The eight addresses are 
defined by the state of the Ap, A; and Ap inputs. 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Figure 5. Byte Write 


Following the start condition, the X24012 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of Ao, 
A; and Ao inputs). Upon a correct compare the X24012 
outputs an acknowledge onthe SDA line. Depending on 
the state of the R/W bit, the X24012 will execute a read 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24012 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
the 128 words of memory. Note: the most significant bit 
is a don't care. Upon receipt of the word address the 
X24012 responds with an acknowledge, and awaits the 
next eight bits of data, again responding with an ac- 
knowledge. The master then terminates the transfer by 
generating a stop condition, at which time the X24012 
begins the internal write cycleto the nonvolatile memory. 
While the internal write cycle is in progress the X24012 
inputs are disabled, and the device will not respond to 
any requests from the master. Refer to Figure 5 for the 
address, acknowledge and data transfer sequence. 


SLAVE WORD 
ADDRESS ADDRESS DATA 


7 a ee ee 


Sie ee ed 


BUS ACTIVITY: 
MASTER 


SDA LINE 


BUS ACTIVITY: 


X24012 3847 FHD Fo9 


Figure 6. Page Write 


Ss 


SLAVE S 
ADDRESS WORD ADDRESS n DATAn DATA n-1 DATA n+3 . 
| ie ies. SS a, P 


r 
BUS ACTIVITY: A 
MASTER R 


BUS ACTIVITY: A A A A A 
X24012 C C C C C 
K K K K K 


NOTE: In this example n = xxxx 0000 (B); x = 1 or O 3847 FHD F10 
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X24012 


Page Write 


The X24012 is capable of an four byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to three more words. Afterthe receipt of each 
word, the X24012 will respond with an acknowledge. 


After the receipt of each word, the two low order address 
bits are internally incremented by one. The high order 
five bits of the address remain constant. If the master 
should transmit more than four words prior to generating 
the stop condition, the address counter will “roll over’ 
and the previously written data will be overwritten. As 
with the byte write operation, all inputs are disabled until 
completion of the internal write cycle. Refer to Figure 6 
for the address, acknowledge and data transfer 
sequence. 


Acknowledge Polling 


The disabling of the inputs, during the internal write 
operation, can be used to take advantage of the typical 
5 ms write cycle time. Once the stop condition is issued 
to indicate the end of the host’s write operation the 
X24012 initiates the internal write cycle. ACK polling can 
be initiated immediately. This involves issuing the start 
condition followed by the slave address for a write 
operation. If the X24012 is still busy with the write 
operation no ACK will be returned. If the X24012 has 
completed the write operation an ACK will be returned 
and the master can then proceed with the next read or 
write operation (See Flow 1). 


READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to aone. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 
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Flow 1. ACK Polling Sequence 


WRITE OPERATION 
COMPLETED 
ENTER ACK POLLING 


ISSUE SLAVE 
ADDRESS AND RW = 0 ISSUE STOP 


ACK 
RETURNED? 


YES 


NEXT 
OPERATION 
A WRITE? 


YES ISSUE STOP 


ISSUE BYTE 
ADDRESS 


PROCEED 
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PROCEED 


X24012 


Current Address Read 


Internally the X24012 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W set to one, the X24012 
issues an acknowledge and transmits the eight bit word 
during the next eight clock cycles. The read operation is 
terminated by the master; by not responding with an 
acknowledge and by issuing a stop condition. Refer to 
Figure 7 forthe sequence of address, acknowledge and 
data transfer. 


Figure 7. Current Address Read 
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SDA LINE 


BUS ACTIVITY: 
X24012 


Figure 8. Random Read 
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Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition andthe slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24012 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Referto Figure 8 forthe address, acknowledge anddata 
transfer sequence. 


3847 FHD F12 


ADDRESS 


: 
A SLAVE 
(SS ea 
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X24012 


Sequential Read 


Sequential Read can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24012 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master, by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 
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The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
127), the counter “rolls over” to address 0 and the 
X24012 continues to output data for each acknowledge 
received. Refer to Figure 9 for the address, acknowl- 
edge and data transfer sequence. 


DATA n+2 DATA n+x 


3847 FHD F14 


MASTER 
TRANSMITTER/ 
RECEIVER 


MASTER 
TRANSMITTER 
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X24012 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................6 —65°C to +150°C 
Voltage on any Pin with 

FIGCSDCCU1O VGC) cencsiscccsucseiniccscawsacuse- —1.0V to +7V 
D.C, OUTPUT CUITENE accceciscarevxsecaenssmereennnvacessnnteresn 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ................:ceeeeeeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [ Min. 


3847 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24012 4.5V to 5.5V 
X24012-3 3oV 10 5,5V 
X24012-2.7 2.4¥ OOD 


3847 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Power Supply Current (Read) 


Power Supply Current (Write) 


Standby Current 


Input Leakage Current 
Output Leakage Current 


Input High Voltage 


Input/Output Capacitance (SDA) 


30 uA | SCL=SDA=Vcc-—0.3V, All Other 
Inputs = GND or Vcc, Vec= 3V 


ee 

he minimal OE all 
ae 
a 


: 


Voox03 
Wee x07 [Voc +05 
[Vor [OutputLowVotage | | 04 | VV 


SCL=Vcecx0.1/Vcec x 0.9 Levels @ 
100 KHz, SDA= Open, All Other 
Inputs = GND or Voc —0.3V 

SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Voc = 5.5V 


Vout = GND to Vcc 


3847 PGM T04 


Input Capacitance (Ao, Ai, Az, SCL, WC) 


Notes: (1) Must perform a stop command prior to measurement. 


Vio = OV 
Vin = OV 


3847 PGM T06 


(2) Vi min. and Vjy max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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X24012 


A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc xX 0.1 to Voc x 0.9 
input Rise and Fall Times 
Input and Output Timing Levels 


3847 PGM T07 Output 


cn OOpF 


A.C. CHARACTERISTICS LIMITS (Over recommended operating conditions unless otherwise specified) 


3847 FHD F17 


Read & Write Cycle Limits 


SCL. Clock Frequency 0 | 100 | Khe 
Noise Suppression Time Constant at SCL, SDA Inputs Pf 100 | 

SCL Low to SDA Data Out Valid | oe | 
Time the Bus Must Be Free Before a New Transmission Can Start | 4.7 | 


Vtwonat | DatalnHoldTime SSS~=~“—~*~*~“‘—*~*~*S*~*~*~—~—‘—~SsSsSsSSSC 
SDA and SCL Rise Time a ee 
ae 


SDA and SCL Fall Time 
Stop Condition Setup Time | ae 
Data Out Hold Time 300 


POWER-UP TIMING 


Power-Up to Read Operation 
Power-Up to Write Operation 


Bus Timing 


0.3 
4.7 
4.0 
4.7 
4.0 
4.7 
4.7 
300 


3847 PGM TO9 


sateen 0,00.0,00.0,0,0,0,0,0, CD 


3847 FHD FO3 


Note: (4) tpyR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These param- 
eters are periodically sampled and not 100% tested. 
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X24012 


WRITE CYCLE LIMITS 


Symbol 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24012 


3847 PGM T10 


bus interface circuits are disabled, SDA is allowed to 
remain high, andthe device does not respond to its slave 
address. 


Write Cycle Timing 


8th BIT ACK 


WORD n 


START 
CONDITION 


X24012 
ADDRESS 
3847 FHD FO4 


STOP 
CONDITION 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 


(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 


device requires to perform the internal write operation. 


Guidelines for Calculating Typical Values of Bus SYMBOL TABLE 


Pull-Up Resistors 
WAVEFORM 


RESISTANCE (KQ) 


0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) 


3847 FHD F16 
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INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24012 


NOTES 
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Preliminary Information 


2K X24C02 256 x 8 Bit 
Serial E2PROM 


FEATURES DESCRIPTION 

¢ 2.7V to 5.5V Power Supply The X24C02 is CMOS a 2048 bit serial E7PROM, in- 

¢ Low Power CMOS ternally organized 256 x 8. The X24C02 features a Serial 
—Active Current Less Than 1 mA interface and software protocol allowing operation on a 
—Standby Current Less Than 50 pA simple two wire bus. Three address inputs allow up to 

¢ Internally Organized 256 x 8 eight devices to share a common two wire bus. 

¢ Self Timed Write Cycle 


Xicor E7PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. Available in an eight 
pin DIP and SOIC package. 


—Typical Write Cycle Time of 5 ms 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Four Byte Page Write Operation 
—Minimizes Total Write Time Per Byte 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

New Hardwire—Write Control Function 


FUNCTIONAL DIAGRAM 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Guide- 
lines for Calculating Typical Values of Bus Pull-Up 
Resistors graph. 


Address (Ao, Ay, Az) 


The address inputs are used to set the least significant 
three bits of the seven bit slave address. These inputs 
can be static or actively driven. If used statically they 
must be tied to Vss or Vcc as appropriate. If actively 
driven, they must be driven to Vss or to Vcc. 


Write Control (WC) 


The Write Control input controls the ability to write to the 
device. When WC is LOW (tied to Vss) the X24C02 will 
be enabled to perform write operations. When WC is 
HIGH (tied to Vcc) the internal high voltage circuitry will 
be disabled and all writes will be disabled. 
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PIN CONFIGURATION 


DIP/SOIC 


7 
X24C02 
6 
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PIN DESCRIPTIONS 
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DEVICE OPERATION 


The X24C02 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X24C02 will be considered a slave in all 
applications. 


Figure 1. Data Validity 


Clock and Data Conventions 


Data states onthe SDA line canchange only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C02 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


|! DATA STABLE ! DATA ! | 
CH 
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Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24C02 to place the device in the standby power mode 
after a read sequence. A stop condition can only be 
issued after the transmitting device has released the 
bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfer. The transmitting device, either 
master or slave, will release the bus after transmitting 
eight bits. During the ninth clock cycle the receiver will 
pull the SDA line LOW to acknowledge that it received 
the eight bits of data. Refer to Figure 3. 


Figure 2. Definition of Start and Stop 


| | 
START BIT 


Figure 3. Acknowledge Response From Receiver 
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RECEIVER 


The X24C02 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24C02 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24C02 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C02 
will continue to transmit data. If an acknowledge is not 
detected, the X24C02 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C02 to the standby power mode and 
place the device into a known state. 
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ACKNOWLEDGE 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave are the device type identifier (see 
Figure 4). For the X24C02 this is fixed as 1010[B]. 


Figure 4. Slave Address 


DEVICE TYPE 


IDENTIFIER 


DEVICE 


ADDRESS 
3838 FHD FO9 


The next three significant bits address a particular 
device. Asystemcould have upto eight X24C02 devices 
on the bus (see Figure 10). The eight addresses are 
defined by the state of the Ap, A; and Ao inputs. 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operations is selected. 


Figure 5. Byte Write 
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Figure 6. Page Write 
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fi SLAVE WORD 
BUS ACTIVITY: rs ADDRESS ADDRESS (n 
MASTER 
SDA LINE 


BUS ACTIVITY: 
X24C02 


DATA n 


Following the start condition, the X24C02 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of Ao, 
A, and Ao inputs). Upon a correct compare the X24C02 
outputs an acknowledge onthe SDA line. Depending on 
the state of the R/W bit, the X24C02 will execute a read 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24C02 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
the 256 words of memory. Upon receipt of the word 
address the X24C02 responds with an acknowledge, 
and awaits the next eight bits of data, again responding 
with an acknowledge. The master then terminates the 
transfer by generating a stop condition, at whichtime the 
X24C02 begins the internal write cycle to the nonvolatile 
memory. While the internal write cycle is in progress the 
X24C02 inputs are disabled, and the device will not 
respond to any requests from the master. Refer to 
Figure 5 forthe address, acknowledge and data transfer 
sequence. 


WORD 
ADDRESS 
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DATA n+1 DATA n+3 


VOAM 


San eee i 


NOTE: In this example n = xxxx 000 (B); x = 1 or O 
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Page Write 


The X24C02 is capable of a four byte page write opera- 
tion. It is initiated in the same manner as the byte write 
operation, but instead of terminating the write cycle after 
the first data word is transferred, the master cantransmit 
up to three more words. After the receipt of each word, 
the X24C02 will respond with an acknowledge. 


After the receipt of each word, the two low order address 
bits are internally incremented by one. The high order six 
bits of the address remain constant. If the master should 
transmit more than four words prior to generating the 
stop condition, the address counter will “roll over” and 
the previously written data will be overwritten. As with 
the byte write operation, all inputs are disabled until 
completion of the internal write cycle. Refer to Figure 6 
for the address, acknowledge and data transfer se- 
quence. 


Acknowledge Polling 


The disabling of the inputs, during the internal write 
operation, can be used to take advantage of the typical 
5 ms write cycle time. Once the stop condition is issued 
to indicate the end of the host’s write operation the 
X24C02 initiates the internal write cycle. ACK polling 
can be initiated immediately. This involves issuing the 
start condition followed by the slave address for a write 
operation. If the X24C02 is still busy with the write 
operation no ACK will be returned. If the X24C02 has 
completed the write operation an ACK will be returned 
and the master can then proceed with the next read or 
write operation. 


READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to a one. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle orhold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 
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Flow 1. ACK Polling Sequence 


WRITE OPERATION 
COMPLETED 
ENTER ACK POLLING 


ISSUE 

START 
ISSUE SLAVE __ 

ADDRESS AND R/W =0 
ACK 
RETURNED? 
YES 
NEXT 


OPERATION 
A WRITE? 


YES 

ISSUE BYTE 
ADDRESS 
PROCEED 


ISSUE STOP 


ISSUE STOP 
PROCEED 
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Current Address Read 


Internally the X24C02 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with the R/W bit set to one, the 
X24C02 issues an acknowledge and transmits the eight 
bit word during the next eight clock cycles. The master 
terminates this transmission by issuing a stop condition, 
omitting the ninth clock cycle acknowledge. Refer to 
Figure 7 for the sequence of address, acknowledge and 
data transfer. 


Figure 7. Current Address Read 
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Figure 8. Random Read 
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Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition and the slave address withthe R/Wbit 
set to one. This will be followed by an acknowledge from 
the X24C02 and then by the eight bit word. The master 
terminates this transmission by issuing a stop condition, 
omitting the ninth clock cycle acknowledge. Refer to 
Figure 8 forthe address, acknowledge and data transfer 
sequence. 
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Sequential Read 


Sequential Read can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24C02 continues to out- 
put data for each acknowledge received. The master 
terminates this transmission by issuing a stop condition, 
omitting the ninth clock cycle acknowledge. 


Figure 9. Sequential Read 
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Figure 10. Typical System Configuration 


MASTER 
TRANSMITTER/ 
RECEIVER 


DATA n+1 


TRANSMITTER/ 
RECEIVER 


The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
255), the counter “rolls over” to address 0 and the 
X24C02 continues to output data for each acknowledge 
received. Refer to Figure 9 forthe address, acknowledge 
and data transfer sequence. 


DATA n+2 DATA n+x 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ..................00. —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin with This is a stress rating only and the functional operation of 
FROSDOCT 10 V SS incaxtisnarscsesvnrsnccnnassuvess —1.0V to +7.0V the device at these or any other conditions above those 

D.C. OUTOUE CUITEITE socéeinecesseroeierneesecetenvionatiaictents 5 mA indicated in the operational sections of this specification is 

Lead Temperature (Soldering, 10 Seconds) ...... 300°C not implied. Exposure to absolute maximum rating condi- 


tions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 


Industrial 


3838 PGM TOS 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified). 


Symbol Parameter Test Conditions 
Power Supply Current (read) mA | SCL = Vcc x 0.1/Vcc x 0.9 Levels 
@ 100 KHz, SDA = Open, All Other 
Power Supply Current (write) —r" Inputs = GND or Vcc — 0.3V 
Standby Current ae i. SCL = SDA = Vcc — 0.3V, All other 


Inputs = GND or Vcc, Vcc = 5.5V 


Inputs = GND or Vcc = 3.3V + 10% 
Ptr | InputLeakage Curent | —~*(| 10 | BA | Vin= GND to Voc 
[tuo [Output Leakage Curent [| 40_[ wa Vour= GND t@ Veg 
[V2 [InputlowVoltage «(| ~-10 *[Vocxos; V |S 
Voox 0.7 
Tee —[ onbt tow vorage oe ve 


CAPACITANCE Ta = 25°C, f = 1 MHz, Voc = 5V 


Input/Output pene SDA) 


Input Capacitance (Ao, Ai, A2, SCL, WC) 


Notes: (1) Must perform a stop command prior to measurement. 
(2) Vi min. and Viy max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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Test Conditions 
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2-79 


X24C02 


A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc xX 0.1 to Voc x 0.9 


Input Rise and 
Fall Times 10 ns 


OUTPUT 


Input and Output 
Timing Levels Voc x 0.5 


3838 PGM T05 
A.C. CHARACTERISTICS (Over recommended operating conditions) 
DATA INPUT TIMING 


[Symbol | ——sParameter 
SCL Clock Frequency 


Constant at SCL, SDA Inputs 
New Transmission Can Start 


Start Condition Hold Time 
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Start Condition Setup Time 
Data In Hold Time 
Data In Setup Time 


SDA and SCL Rise Time 


SDA and SCL Fall Time 


tsu:sTo Stop Condition Setup Time 


Data Out Hold Time 


Bus Timing 


3838 PGM T06 


'uD:STA ‘'HD:DAT 


soaout XX XXX 


POWER-UP TIMING 


3838 FHD F04 


Power-up to Read Operation 
Power-up to Write Operation 


3838 PGM 107 
Notes: (4) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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WRITE CYCLE LIMITS 


Write Cycle Time 


The write cycle time is the time from a valid stop condition of a write sequence to the end of the internal erase/program 
cycle. During the write cycle, the X24C02 bus interface circuits are disabled, SDA is allowed to remain high, and the 


Parameter 


device does not respond to its slave address. 


Write Cycle Timing 


Notes: (5) Typical values are for Ta, = 25°C and nominal supply voltage (5V) 
(6) twris the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 
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SYMBOL TABLE 


WAVEFORM 


START 


CONDITION 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 
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ADDRESS 
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OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24C02 


NOTES 
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Preliminary Information 


Pin 7 No Connect ® 
2K X24022 256 x 8 Bit 
Serial E7PROM 

FEATURES DESCRIPTION 
¢ 2.7V to 5.5V Power Supply The X24022 is a CMOS 2048 bit serial E2PROM, in- 
¢ Low Power CMOS ternatly organized 256 x 8. The X24022 features a serial 


—Active Current Less Than 1 mA 
—Standby Current Less Than 50 pA 
Internally Organized 256 x 8 

Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Four Byte Page Write Operation 
—Minimizes Total Write Time Per Byte 
High Reliability 

—Endurance: 100,000 Cycles Per Byte 
—Data Retention: 100 Years 


interface and software protocol allowing operation ona 
simple two wire bus. Three address inputs allow up to 
eight devices to share a common two wire bus. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. The X24022 is avail- 
able in eight pin DIP and SOIC packages. 


FUNCTIONAL DIAGRAM 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the 
Guidelines for Calculating Typical Values of Bus Pull-Up 
Resistors graph. 


Address (Apo, Aj, A2) 


The address inputs are used to set the least significant 
three bits of the seven bit slave address. These inputs 
can be static or actively driven. If used statically they 
must be tied to Vss or Vcc as appropriate. If actively 
driven, they must be driven to Vss or to Vcc. 


2-84 


PIN CONFIGURATION 


DIP/SOIC 


X24022 : 
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PIN NAMES 
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DEVICE OPERATION 


The X24022 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X24022 will be considered a slave in all 
applications. 


Figure 1. Data Validity 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24022 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


! DATASTABLE ! DATA ! 
CHANGE 
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Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24022 to place the device into the standby power mode 
after a read sequence. A stop condition can only be 
issued after the transmitting device has released the 
bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


Figure 2. Definition of Start and Stop 
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The X24022 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24022 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24022 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24022 
will continue to transmit data. If an acknowledge is not 
detected, the X24022 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24022 to the standby power mode and 
place the device into a known state. 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see Figure 4). For the X24022 this is fixed as 1010[B]. 


Figure 4. Slave Address 
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The next three significant bits address a particular 
device. Asystem could have up to eight X24022 devices 
on the bus (see Figure 10). The eight addresses are 
defined by the state of the Ap, A; and Ao inputs. 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when Set to zero a write operation is selected. 


Figure 5. Byte Write 
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Following the start condition, the X24022 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of Ao, 
A, and Ao inputs). Upon a correct compare the X24022 
outputs an acknowledge on the SDA line. Depending on 
the state of the R/W bit, the X24022 will execute a read 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24022 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
the 256 words of memory. Upon receipt of the word 
address the X24022 responds with an acknowledge, 
and awaits the next eight bits of data, again responding 
with an acknowledge. The master then terminates the 
transfer by generating a stop condition, at whichtime the 
X24022 begins the internal write cycle to the nonvolatile 
memory. While the internal write cycle is in progress the 
X24022 inputs are disabled, and the device will not 
respond to any requests from the master. Refer to 
Figure 5 forthe address, acknowledge and data transfer 
sequence. 


WORD 
DATA 
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Page Write 


The X24022 is capable of an four byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to three more words. Afterthe receipt of each 
word, the X24022 will respond with an acknowledge. 


After the receipt of each word, the two low order address 
bits are internally incremented by one. The high order 
five bits of the address remain constant. If the master 
should transmit more than four words prior to generating 
the stop condition, the address counter will “roll over’ 
and the previously written data will be overwritten. As 
with the byte write operation, allinputs are disabled until 
completion of the internal write cycle. Refer to Figure 6 
for the address, acknowledge and data transfer 
sequence. 


Acknowledge Polling 


The disabling of the inputs, during the internal write 
operation, can be used to take advantage of the typical 
5 ms write cycle time. Once the stop condition is issued 
to indicate the end of the host’s write operation the 
X24022 initiates the internal write cycle. ACK pollingcan 
be initiated immediately. This involves issuing the start 
condition followed by the slave address for a write 
operation. If the X24022 is still busy with the write 
operation no ACK will be returned. If the X24022 has 
completed the write operation an ACK will be returned 
and the master can then proceed with the next read or 
write operation (See Flow 1). 


Figure 6. Page Write 
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Flow 1. ACK Polling Sequence 
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NOTE: In this example n = xxxx 0000(B); x = 1 or O 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to aone. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24022 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W set to one, the X24022 
issues an acknowledge and transmits the eight bit word 


Figure 7. Current Address Read 
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Figure 8. Random Read 
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during the next eight clock cycles. The read operation is 
terminated by the master; by not responding with an 
acknowledge and by issuing a stop condition. Refer to 
Figure 7 for the sequence of address, acknowledge and 
data transfer. 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition and the slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24022 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Referto Figure 8 forthe address, acknowledge and data 
transfer sequence. 


DATA 


. Ae pa eee 
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Sequential Read 


Sequential Read can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24022 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master, by notresponding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 
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Figure 10. Typical System Configuration 
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The data output is sequential, with the datafrom address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
255), the counter “rolls over” to address 0 and the 
X24022 continues to output data for each acknowledge 
received. Refer to Figure 9 for the address, acknowl- 
edge and data transfer sequence. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................6 —65°C to +150°C 
Voltage on any Pin with 

FIBSDECL 16 V SC acs ccsisransncsxacdntnsausxessesh —1.0V to +7V 
D.C. Output Current 0.0.0.0... eeeeceseeseeeeeeeeeeeees 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ..................:.c:cceeee 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [Min 


3848 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24022 4.5V to 55V 
X24022-3 3V to 5.5V 
X24022-2.7 2.4V+55V 


3848 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Symbol Parameter 


Power Supply Current (read) aa 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Input/Output Capacitance (SDA) 


[Max 


SCL = Vcc x 0.1/Vec x 0.9 Levels @ 
100 KHz, SDA = Open, All Other 
Inputs = GND or Voc — 0.3V 

SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Vcc = 5.5V 


30 uA | SCL=SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Vec= 3V 


Vin = GND to Voc 


Vout = GND to Voc 


3848 PGM T04 


Input Capacitance (Ap, A;, Az, SCL) 


Notes: (1) Must perform a stop command prior to measurement. 


3848 PGM T06 


(2) Vi_ min. and Vj max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc X 0.1 to Voc x 0.9 
Input Rise and 
Fall Times 10 ns 

Input and Output 

Timing Levels Voc x 0.5 


3848 PGM T02 
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A.C. CHARACTERISTICS LIMITS (Over recommended operating conditions unless otherwise specified) 
Read & Write Cycle Limits 


Symbol Parameter 


Min 
SCL Clock Frequency 0 | 

Noise Suppression Time Constant at SCL, SDA Inputs aaa 

SCL Low to SDA Data Out Valid 

tBuF Time the Bus Must Be Free Before a New Transmission Can Start 
tHD-STA Start Condition Hold Time 
tLlow Clock Low Period 
— 
tSU:STA 
tyooat | DatalnHoldTime 
tsuoat | DatalnSetupTime | 
|SDAandSCLRiseTime 
a 


SDA and SCL Fall Time 
tsu:sto | Stop Condition Setup Time 
tpH Data Out Hold Time 


Parameter 


Power-Up to Read Operation 
Power-Up to Write Operation 


Bus Timing 3848 PGM Tog 
te THIGH ‘Low 
SCL 
'HD:STA ‘HD:DAT 
SDAIN 


aaseala00,0,0,00,0,0,0,00,0, Cn 
3848 FHD F04 


Notes: (4) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 


X24022 


WRITE CYCLE LIMITS 
Symbol 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24022 


3848 PGM T08 


bus interface circuits are disabled, SDA is allowed to 
remain high, andthe device does not respondto its slave 
address. 


Write Cycle Timing 


8th BIT 


STOP START X24022 
CONDITION CONDITION ADDRESS 


3848 FHD FO05 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V) 
(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


SYMBOL TABLE 


Guidelines for Calculating Typical Values of 
Bus Pull-Up Resistors 


RESISTANCE (KQ) 


MN aoe T td | 
RESISTANCE 

: HE bee 
0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) se4a cH F17 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 


from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24022 


NOTES 
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4K X24C04 512 x 8 Bit 
Serial E7PROM 

FEATURES DESCRIPTION 

¢ 2.7V to 5.5V Power Supply The X24C04 is a CMOS 4096 bit serial E2PROM, 

¢ Low Power CMOS internally organized 512 x 8. The X24C04 features a 


—<Active Read Current Less Than 1 mA 
—Active Write Current Less Than3 mA 
—Standby Current Less Than 50 vA 
Internally Organized 512 x 8 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Sixteen Byte Page Write Mode 
—Minimizes Total Write Time Per Byte 
Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

8 Pin Mini-DIP, 8 Pin SOIC and 14 Pin SOIC 
Packages 


serial interface and software protocol allowing operation 


on a simple two wire bus. 


The X24C04 is fabricated with Xicor’s advanced CMOS 


Textured Poly Floating Gate Technology. 


The X24C04 utilizes Xicor’s proprietary DirectWrite™ 
cell providing a minimum endurance of 100,000 cycles 


and a minimum data retention of 100 years. 


FUNCTIONAL DIAGRAM 
(8) Voc —— 
(4) Vsgs —— 
(7) TEST 


(5) SDA START 
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DirectWrite™ is a trademark of Xicor, Inc. 


© Xicor, 1991 Patents Pending 
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Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-Up 
Resistor selection graph at the end of this data sheet. 


Address (Apo) 

Ao is unused by the X24C04, however, it must be tied to 
Vss to insure proper device operation. 

Address (Aj, Az) 


The Address inputs are used to set the appropriate bits 
of the seven bit slave address. These inputs can be used 
static or actively driven. If used statically they must be 
tied to Vss or Vcc as appropriate. If driven they must be 
driven to Vss or to Vcc. 


PIN NAMES 


Symbol Description 
Address Inputs 
S 


3839 PGM T01 


PIN CONFIGURATION 


DIP/SOIC 


3839 FHD FO02 


X24C04 


3839 FHD FO3 
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X24C04 


DEVICE OPERATION 


The X24C04 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X24C04 will be considered a slave in all 
applications. 


Figure 1. Data Validity 
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| | 
START BIT 
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Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C04 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


3839 FHD FO6 
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Stop Condition 


All communications must be terminated by a stop condi- 
tion, which is a_LOW to HIGH transition of SDA when SCL 
is HIGH. The stop condition is also used by the X24C04 
to place the device inthe standby power mode after a read 
sequence. A stop condition can only be issued after the 
transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfer. The transmitting device, either 
master or slave, will release the bus after transmitting 
eight bits. During the ninth clock cycle the receiver will 
pull the SDA line LOW to acknowledge that it received 
the eight bits of data. Refer to Figure 3. 


Figure 3. Acknowledge Response From Receiver 
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The X24C04 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24C04 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24C04 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C04 
will continue to transmit data. If an acknowledge is not 
detected, the X24C04 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C04 to the standby power mode and 
place the device into a known state. 


ACKNOWLEDGE 
3839 FHD F08 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave are the device type identifier (see 
Figure 4). For the X24C04 this is fixed as 1010[B]. 


Figure 4. Slave Address 
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The next two significant bits address a particular device. 
A system could have up to four X24C04 devices on the 
bus (see Figure 10). The four addresses are defined by 
the state of the A; and Ao inputs. 


The next bit of the slave address is an extension of the 
array’s address and is concatenated with the eight bits 
of address in the word address field, providing direct 
access to the whole 512 x 8 array. 


Figure 5. Byte Write 
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The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Following the start condition, the X24C04 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of A; 
and Az inputs). Upon a correct compare the X24C04 
outputs an acknowledge on the SDA line. Depending on 
the state of the R/W bit, the X24C04 will execute a read 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24C04 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of the 
512 words of memory. Upon receipt of the word address 
the X24C04 responds with an acknowledge, and awaits 
the next eight bits of data, again responding with an 
acknowledge. The master then terminates the transfer by 
generating a stop condition, at which time the X24C04 
begins the internal write cycle to the nonvolatile memory. 
While the internal write cycle is in progress the X24C04 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 5 for the 
address, acknowledge and data transfer sequence. 


DATA 
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A 
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Page Write 


The X24C04 is capable of a sixteen byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to fifteen more words. After the receipt of each 
word, the X24C04 will respond with an acknowledge. 


After the receipt of each word, the four low order address 
bits are internally incremented by one. The high order five 
bits of the address remain constant. If the master should 
transmit more than sixteen words prior to generating the 
stop condition, the address counter will “roll over’ and the 
previously written data will be overwritten. As with the byte 
write operation, all inputs are disabled until completion of 
the internal write cycle. Refer to Figure 6 for the address, 
acknowledge and data transfer sequence. 


Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical 5 ms write cycle time. Once the stop 
condition is issued to indicate the end of the host’s write 
operation the X24C04 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave address 
for a write operation. If the X24C04 is still busy with the 
write operation no ACK will be returned. If the X24C04 
has completed the write operation an ACK will be 
returned and the host can then proceed with the next 
read or write operation. Refer to Flow 1. 


READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to a one. There are three basic read 
operations: current address read, random read and 
sequential read. 


Figure 6. Page Write 
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It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Flow 1. ACK Polling Sequence 
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Current Address Read 


Internally the X24C04 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with the R/W bit set to one, the 
X24C04 issues an acknowledge and transmits the eight 
bit word. The read operation is terminated by the master; 
by not responding with an acknowledge and by issuing 
a stop condition. Refer to Figure 7 for the sequence of 
address, acknowledge and data transfer. 


Figure 7. Current Address Read 
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Figure 8. Random Read 
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Random Read 


Random read operations allow the master to access 
any memory location in a random manner. Prior to 
issuing the slave address with the R/W bit set to one, 
the master must first perform a “dummy” write opera- 
tion. The master issues the start condition, and the 
slave address followed by the word address itis to read. 
After the word address acknowledge, the master im- 
mediately reissues the start condition and the slave 
address with the R/W bit set to one. This will be followed 
by an acknowledge from the X24C04 and then by the 
eight bit word. The read operation is terminated by the 
master; by not responding with an acknowledge and by 
issuing a stop condition. Refer to Figure 8 for the 
address, acknowledge and data transfer sequence. 


3839 FHD F13 


SLAVE 
ADDRESS 
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Sequential Read 


Sequential Read can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24C04 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 
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Figure 10. Typical System Configuration 
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The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
511), the counter “rolls over’ to address 0 and the 
X24C04 continues to output data for each acknowledge 
received. Refer to Figure 9 for the address, acknowl- 
edge and data transfer sequence. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ...................0. —65°C to +150°C 
Voltage on any Pin with 

ROSDECL IO VSS sccceccrsvsictoevtnccecsines —1.0V to +7.0V 
D.C. Output Current.................cc ccc eeeceeeeeeceeseeseneee 5mA 
Lead Temperature 

(Soldering, 10 Seconds) ................cccceceeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [ Min. | Max 


Industrial —40°C 
Military 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X24C04 4.5V to 5.5V 
X24C04-3.5 3.5V to 5.5V 
X24C04-3 3V to 5.5V 

X24C04-2.7 2.fV¥ 10 5.5V 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Parameter 


Symbol 


Voc Standby Current 


Output Leakage Current 


Parameter 


Input/Output Capacitance (SDA) 


Vcc Supply Current (Read) ma SCL = Vcc x 0.1/Vec x 0.9 Levels 
mA 


Voc Supply Current (Write) —_—_ 


WA | SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, 
Voc = 3V 


70 [ uA [V=GNDtoVes 


i Input Leakage Curent [| 
_ 
a0 |Veexospv [OS 


@ 100 KHz, SDA = Open, All Other 
Inputs = GND or Vcc — 0.3V 


WA | SCL = SDA = Vcc — 0.3V, All Other 


Inputs = GND or Vcc, Voc = 5.5V 


3839 PGM TO03 


Test Conditions 


Input Capacitance (Ap, Ay, Az, SCL) 


Notes: (1) Must perform a stop command prior to measurement. 


3839 PGM T05 


(2) Vi min. and Vi max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc xX 0.1 to Voc x 0.9 


Input Rise and 
Fall Times 10 ns 


Input and Output 


Timing Levels 


3839 PGM T02 
A.C. CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 
Read & Write Cycle Limits 


Stop Condition Setup Time 
Data Out Hold Time 


POWER-UP TIMING 


Symbol Parameter 


Power-up to Read Operation 
Power-up to Write Operation 


Bus Timing 


3839 PGM T07 


SDA IN 


2 


soaour KX) 


3839 FHD F04 


Notes: (4) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 
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Write Cycle Limits 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 


erase/program cycle. During the write cycle, the X24C04 address. 


Write Cycle Timing 


8th BIT 


STOP 
CONDITION 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 


(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 


device requires to perform the internal write operation. 


SYMBOL TABLE 
WAVEFORM 


Guidelines for Calculating Typical 
Values of Bus Pull-Up Resistors 


RESISTANCE (KQ) 


MIN. 
RESISTANCE mS 


20 40 60 80 100 120 


BUS CAPACITANCE (PF) jaag cuin rip 
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START 
CONDITION 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


3839 PGM T08 


bus interface circuits are disabled, SDA is allowed to 
remain high, andthe device does not respond to its slave 


X24C04 
ADDRESS 


3839 FHD FO5 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 
Will change 


from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24C04 


NOTES 
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Ba 
Preliminary Information 1k 


Pin 7 No Connect ®) 


4K X24042 512 x 8 Bit 
Serial E2PROM 


TYPICAL FEATURES DESCRIPTION 
¢ 2.7V to 5.5V Power Supply The X24042 is a CMOS 4,096 bit serial E2PROM, in- 
¢ Low Power CMOS ternally organized 512 x 8. The X24042 features a serial 


interface and software protocol allowing operation on a 


—Active Read Current Less Than 1 mA 
simple two wire bus. 


—dActive Write Current Less Than 3 mA 


—Standby Current Less Than 50 pA The X24042 is fabricated with Xicor’s advanced CMOS 
¢ Internally Organized 512 x 8 Textured Poly Floating Gate Technology. 
¢ 2 Wire Serial Interface 7 
—Bidirectional Data Transfer Protocol The X24042 utilizes Xicor’s proprietary Direct Write™ 


cell providing a minimum endurance of 100,000 cycles 
and a minimum data retention of 100 years. 


Sixteen Byte Page Write Mode 
—Minimizes Total Write Time Per Byte 
Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

¢ 8 Pin Mini-DIP and 8 Pin SOIC Packages 


FUNCTIONAL DIAGRAM 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-Up 
Resistor selection graph at the end of this data sheet. 


Address (Ap) 


Ao is unused by the X24042, however, it must be tied to 
Vss to insure proper device operation. 


Address (Aj, Ao) 


The Address inputs are used to set the appropriate bits 
of the seven bit slave address. These inputs can be used 
Static or actively driven. If used statically they must be 
tied to Vss or Vcc as appropriate. If driven they must be 
driven to Vss or to Vcc. 


2-108 


PIN CONFIGURATION 


DIP/SOIC 


X24042 
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PIN NAMES 
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DEVICE OPERATION 


The X24042 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X24042 will be considered a slave in all 
applications. 


Clock and Data Conventions 


Data states onthe SDA line canchange only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Figure 1. Data Validity 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24042 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24042 to place the device into the standby power mode 
after a read sequence. A stop condition can only be 
issued after the transmitting device has released the 
bus. 


| DATA STABLE eee I 


Figure 2. Definition of Start and Stop 
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Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


The X24042 will respond with an acknowledge afier 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24042 will respond with an acknowledge 


Figure 3. Acknowledge Response From Receiver 
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after the receipt of each subsequent eight bit word. 


In the read mode the X24042 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24042 
will continue to transmit data. If an acknowledge is not 
detected, the X24042 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24042 to the standby power mode and 
place the device into a Known state. 


ACKNOWLEDGE 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (See Figure 4). For the X24042 this is fixed as 
1010[B]. 


Figure 4. Slave Address 
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The next two significant bits addresses a particular 
device. Asystem could have up to four X24042 devices 
on the bus (see Figure 10). The four addresses are 
defined by the state of the A1 and A2 input. 


The next bit of the slave address is an extension of the 
array’s address and is concatenated with the eight bits 
of address in the word address field, providing direct 
access to the whole 512 x 8 array. 


Figure 5. Byte Write 
SLAVE 
BUS ACTIVITY: A 
MASTER RQ ADDRESS 


SDA LINE 


BUS ACTIVITY: 
X24042 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Following the start condition, the X24042 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of the 
A2 and A‘11 inputs). Upon a correct compare the X24042 
outputs an acknowledge onthe SDA line. Depending on 
the state of the R/W bit, the X24042 will execute a read 
or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24042 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
the 512 words in the selected page of memory. Upon 
receipt of the word address the X24042 responds with 
an acknowledge, and awaits the next eight bits of data, 
again responding with an acknowledge. The master 
then terminates the transfer by generating a stop condi- 
tion, at which time the X24042 begins the internal write 
cycle to the nonvolatile memory. While the internal write 
cycle is in progress the X24042 inputs are disabled, and 
the device will not respond to any requests from the 
master. Refer to Figure 5 for the address, acknowledge 
and data transfer sequence. 
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Page Write 


The X24042 is capable of a sixteen byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to seven more words. After the receipt of 
each word, the X24042 will respond with an acknowl- 
edge. 


After the receipt of each word, the three low order 
address bits are internally incremented by one. The high 
order eight bits of the word address remain constant. 
The master should not transmit more than eight words 
prior to generating the stop condition. As with the byte 
write operation, all inputs are disabled until completion 
of the internal write cycle. Refer to Figure 6 for the 
address, acknowledge and data transfer sequence. 


Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical 5 ms write cycle time. Once the stop 
condition is issued to indicate the end of the host’s write 
operation the X24042 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave address 
for a write operation. If the X24042 is still busy with the 
write operation no ACK will be returned. If the X24042 
has completed the write operation an ACK will be 
returned and the host can then proceed with the next 
read or write operation. Refer to Flow 1. 


Figure 6. Page Write 
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Flow 1. ACK Polling Sequence 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to a one. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24042 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W set to one, the X24042 is- 
sues an acknowledge and transmits the eight bit word. 


Figure 7. Current Address Read 
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Figure 8. Random Read 
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The read operation is terminated by the master; by not 
responding with an acknowledge and by issuing a stop 
condition. Referto Figure 7 forthe sequence of address, 
acknowledge and data transfer. 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition andthe slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24042 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Refer to Figure 8 forthe address, acknowledge and data 
transfer sequence. 
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Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other read modes; however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24042 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 
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The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
511) the counter “rolls over” to address 0 and the 
X24042 continues to output data for each acknowledge 
received. Refer to Figure 9 for the address, acknowl- 
edge and data transfer sequence. 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias................... —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ...................008 —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin with This is a stress rating only and the functional operation of 
FIGSDCCL IO! VSO. cnccsistsesmnantaeceastqranantes —1.0V to +7V the device at these or any other conditions above those 

1S SOUTOUE CORTE x csicacenencespertorneteoncccsteosonctecade 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating con- 
(Soldering, 10 Seconds) .......... ee ceeeeeees 300°C ditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [ Min. 
connec —| 90 


a 
3849 PGM T02 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Symbol Parameter |v Test Conditions 


Voc Supply Current (Read) rts SCL = Vcc x 0.1/Vec x 0.9 Levels 


X24042-3 3.0V to 5.5V 
X24042-2.7 2.7V to 5.5V 


3849 PGM T03 


loce Voc Supply Current | @ 100 KHz, SDA = Open, All Other 
Inputs = GND or Voc — 0.3V 


SCL = SDA = Voc — 0.3V, All Other 
tai = GND or Vcc, Voc = 5.5V 


Inputs = GND or Vcc, Vcc = 3V 
hak nie ee oe ee 
Ito | Output Leakage Current. | | 10 || WA | Vour=GNDtoVoo 
Vi [inputlowVoltage | 10 ~[Voox0S| Vi SOSC~S 
"Vin@ [InputHighVotage _|VocxO7|Vec+05| V | SSOS—~—CS~—CS~S~S 
[Vor [Output Low Votage | | 04 | V |l=SmA SSCS 


3849 PGM T04 


Isp1{) | Voc Standby Current 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V 


input Capacitance (Ao, Ay, As, SCL) | 6 | pF | —-Vi=OV 


3849 PGM T05 
Notes: (1) Must perform a stop command prior to measurement. 
(2) Vit min and Viy max. are for reference only and are 
not 100% tested. 
(3) This parameter is periodically sampled and not 100% 
tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Fall Times 10ns 


3849 PGM TO6 
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A.C. CHARACTERISTICS LIMITS (Over recommended operating conditions, unless otherwise specified). 
READ & WRITE CYCLE LIMITS 


SCL Clock Frequency 


Ce | Noise Suppression Time Constant at SCL, SDA Inputs 


SCL Low to SDA Data Out Valid 
tBur Time the Bus Must Be Free Before a 
New Transmission Can Start 
Start Condition Hold Time 


Clock Low Period 
Clock High Period 


A 
SDA and SCL Rise Time 
SDA and SCL Fall Time 
Stop Condition Setup Time 
DH 


Data Out Hold Time 


POWER-UP TIMING 


Symbol Parameter 
Power-Up to Read Operation 


Power-Up to Write Operation 


3849 PGM T08 
Bus Timing 


'HD:STA ‘'HD:DAT 


oA 00,0,000,00.0,00.0,0 Cn, 


3849 FHD F04 


Note: (4) tpuR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These param- 
eters are periodically sampled and not 100% tested. 
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WRITE CYCLE LIMITS 


Symbol 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24042 


3849 PGM T09 


bus interface circuits are disabled, SDA is allowed to 
remain high, and the device does not respondto its slave 
address. 


Write Cycle Timing 


8th BIT 


STOP START X24042 
CONDITION CONDITION ADDRESS 


3849 FHD FO5 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 
(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


SYMBOL TABLE 


Guidelines for Calculating Typical Values of Bus 
Pull-Up Resistors 
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MIN. a 
RESISTANCE J 
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Preliminary Information 


8K X24C08 1024 x 8 Bit 
Serial E7PROM 


TYPICAL FEATURES DESCRIPTION 


¢ 2.7V to 5.5V Power Supply The X24C08 is a CMOS 8,192 bit serial EZ2PROM, 
internally organized 1024 x 8. The X24C08 features a 


id ones a serial interface and software protocol allowing operation 
—Active Read Current Less Than 1 mA ona simple two wire bus. 
—Active Write Current Less Than 3 mA 
—Standby Current Less Than 50 vA The X24C08 is fabricated with Xicor’s advanced CMOS 
¢ Internally Organized 1024 x 8 Textured Poly Floating Gate Technology. 


2 ph ; Serial delnias sa ereices! The X24C08 utilizes Xicor’s proprietary Direct Write™ 
— Bidirectional Data Transfer Protoco cell providing a minimum endurance of 100,000 cycles 


Sixteen Byte Page Write Mode and a minimum data retention of 100 years. 
—Minimizes Total Write Time Per Byte 


Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

¢ 8 Pin Mini-DIP, 8 Pin SOIC and 14 Pin 
SOIC Packages 


FUNCTIONAL DIAGRAM 
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PIN DESCRIPTIONS PIN CONFIGURATION 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-Up 3842 FHD F03 
Resistor selection graph at the end of this data sheet. 


Address (Ag, A) DIP/SOIC 


Ao and A; are unused by the X24C08; however, they 
must be tied to Vss to insure proper device operation. 


2 7 
Address (Ao) 3 oe 6 [_] SCL 


The Ao input is used to set the appropriate bit of the 
seven bit slave address. This input can be used static or 
actively driven. If used statically, it must be tied to Vss or 3842 FHD F02 
Voc as appropriate. If actively driven, it must be driven 
to Vss or to Vcc. 


PIN NAMES 
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DEVICE OPERATION 


The X24C08 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X24C08 will be considered a slave in all 
applications. 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Figure 1. Data Validity 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C08 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24C08 to place the device into the standby power 
mode after a read sequence. A stop condition can only 
be issued after the transmitting device has released the 
bus. 
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Figure 2. Definition of Start and Stop 
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Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device will 
release the bus after transmitting eight bits. During the 
ninth clock cycle the receiver will pull the SDA line LOW 
to acknowledge that it received the eight bits of data. 
Refer to Figure 3. 


The X24C08 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 


Figure 3. Acknowledge Response From Receiver 
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lected, the X24C08 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24C08 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C08 
will continue to transmit data. If an acknowledge is not 
detected, the X24C08 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C08 to the standby power mode and 
place the device into a Known state. 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (see Figure 4). For the X24C08 this is fixed as 
1010[B]. 


Figure 4. Slave Address 
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The next bit addresses a particular device. A system 
could have up to two X24C08 devices on the bus (see 
Figure 10). The two addresses are defined by the state 
of the A2 input. 


The next two bits of the slave address field are an 
extension of the array’s address and are concatenated 
with the eight bits of address in the word address field, 
providing direct access to the whole 1024 x 8 array. 


Figure 5. Byte Write 
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The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Following the start condition, the X24C08 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type and state of Ao 
input.) Upon a correct compare the X24C08 outputs an 
acknowledge on the SDA line. Depending on the state 
of the R/W bit, the X24C08 will execute a read or write 
operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24C08 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
1024 words in the array. Upon receipt of the word 
address the X24C08 responds with an acknowledge, 
and awaits the next eight bits of data, again responding 
with an acknowledge. The master then terminates the 
transfer by generating a stop condition, at whichtime the 
X24C08 begins the internal write cycle to the nonvolatile 
memory. While the internal write cycle is in progress the 
X24C08 inputs are disabled, and the device will not 
respond to any requests from the master. Refer to 
Figure 5 forthe address, acknowledge and data transfer 
sequence. 
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Page Write Flow 1. ACK Polling Sequence 
The X24C08 is capable of a sixteen byte page write 

operation. It is initiated in the same manner as the byte WRITE OPERATION 

write operation, but instead of terminating the write cycle COMPLETED 


ENTERACK POLLING 


after the first data word is transferred, the master can 
transmit up to fifteen more words. After the receipt of 
each word, the X24C08 will respond with an acknowl- 
edge. 


Afterthe receipt of each word, the four low order address 
bits are internally incremented by one. The high order six 
bits of the word address remain constant. If the master 

should transmit more than sixteen words prior to gener- ISSUE SLAVE _ ISSUE STOP 
ating the stop condition, the address counter will “roll a lal 

over’ and the previously written data will be overwritten. 
As with the byte write operation, all inputs are disabled 
until completion of the internal write cycle. Refer to ACK 
Figure 6 forthe address, acknowledge and data transfer RETURNED? 


sequence. 
YES 


Acknowledge Polling 


The disabling of the inputs can be used to take advan- NEXT 
tage of the typical 5 ms write cycle time. Once the stop 7 ee 
condition is issued to indicate the end of the host’s write , 


operation the X24C08 initiates the internal write cycle. YES 
ACK polling can be initiated immediately. This involves pees ier 
issuing the start condition followed by the slave address 
.; —— ; ISSUE BYTE 
for a write operation. If the X24C08 is still busy with the ADDRESS 
write operation no ACK will be returned. If the X24C08 
has completed the write operation an ACK will be 
returned and the host can then proceed with the next 
read or write operation. Refer to Flow 1. PROCEED 
3842 FHD F11 


Figure 6. Page Write 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is set to a one. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don’t care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24C08 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W set to one, the X24C08 
issues an acknowledge and transmits the eight bit word. 


Figure 7. Current Address Read 
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Figure 8. Random Read 
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The read operation is terminated by the master; by not 
responding with an acknowledge and by issuing a stop 
condition. Refer to Figure 7 forthe sequence of address, 
acknowledge and data transfer. 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition and the slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24C08 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Referto Figure 8 forthe address, acknowledge and data 
transfer sequence. 


3842 FHD F13 
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us SLAVE 
a ADDRESS 

| ete’ 
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Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other read modes; however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24C08 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 


SLAVE 
BUS ACTIVITY: ADDRESS 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X24C08 


MASTER 
TRANSMITTER/ 


RECEIVER RECEIVER 


RECEIVER 


TRANSMITTER/ 


The data output is sequential, withthe data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
1023) the counter “rolls over” to address O and the 
X24C08 continues to output data for each acknowledge 
received. Refer to Figure 9 for the address, acknowl- 
edge and data transfer sequence. 


DATA n+x 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias.................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ..................06 —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin with This is a stress rating only and the functional operation of 
FRRESDECL1O VSG ccvciccscencssasserasevedeosonces —1.0V to +7V the device at these or any other conditions above those 

£2; OUTOUT CUPTOMM ga: cainsninsssaedeavndvarernenaisetansssnens 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating con- 
(Soldering, 10 Seconds) ...............ceceeceeeeeees 300°C ditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
Temperature 


Commercial 


D.C. OPERATING CHARACTERISTICS (Over recommneded eal conditions, unless otherwise specified.) 


Symbol Parameter 


Vcc Supply Current (Read) 


| 
ees 
etic | 150 SCL = SDA = Vcc — 0.3V, All Other 
hoa = GND or Vcc, Voc = 5.5V 
Inputs = GND or Vcc, Vcc = 3V 
uA 


Input Leakage Current 10 Vin = GND to Vcc 

ILo tee Leakage Current 10 Vout = GND to Vec 
FV [input Low Voltage _—+(| 1.0 |Vocx03; V_ 
[Vine [input High Voltage ___|Vocx0.7|Voc+05| V_ 
vex [Output Low votage Poa 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V 


Military 


Test Conditions 
SCL = Vcc x 0.1/Vcc x 0.9 Levels @ 100 
KHz, SDA = Open, 
All Other Inputs = GND or Vcc — 0.3V 


lo.=3mMA 


3842 PGM T02 


3842 PGM T04 


Notes: (1) Must perform a stop command prior to measurement. 
(2) Vip min and Viy max. are for reference only and are not 100% tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 
5.0V 


15330 
Output 


Input Pulse Levels Voc X 0.1 to Voc x 0.9 


Input Rise and 
Fall Times 10ns 


VO Timing Levels 


3842 PGM T05 


100pF 
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A.C. CHARACTERISTICS LIMITS (Over recommended operating conditions, unless otherwise specified.) 
Read & Write Cycle Limits 


Symbol Parameter 


SCL Clock Frequency 
/ ti | __ Noise Suppression Time Constant at SCL, SDA Inputs 


t 
tan SCL Low to SDA Data Out Valid 


New Transmission Can Start 
Start Condition Hold Time 
4 
4 
2 


7 


v4 


Data In Hold Time 
Data In Setup Time 


R SDA and SCL Rise Time 
BE 


SDA and SCL Fall Time 
| tsu:sto 


tsu:STO Stop Condition Setup Time 


Data Out Hold Time 


POWER-UP TIMING 


Power-Up to Read Operation 


Power-Up to Write Operation 
Bus Timing 


4. 
3 


0 


3842 PGM T07 


THIGH 


tHD:STA  'HD:DAT 


soacuT XXX) 


3842 FHD F04 


Note: (4) tpyR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These param- 
eters are periodically sampled and not 100% tested. 
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WRITE CYCLE LIMITS 


Symbol 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24C08 


3842 PGM T08 


bus interface circuits are disabled, SDA is allowed to 
remain high, andthe device does not respond to its slave 
address. 


Write Cycle Timing 


8th BIT 


STOP START 
CONDITION CONDITION 


X24C08 
ADDRESS 


3842 FHD F05 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 
(6) twR is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


Guidelines for Calculating Typical Values of Bus SYMBOL TABLE 


Pull-Up Resistors 


MAX. 
RESISTANCE 


RESISTANCE (KQ) 


0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24C08 


NOTES 
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Preliminary Information ® 
16K X24C16 2048 x 8 Bit 
Serial E7PROM 

FEATURES DESCRIPTION 
¢ 2.7V to 5.5V Power Supply The X24C16 is a CMOS 16,384 bit serial E-PROM, 
¢ Low Power CMOS internally organized 2048 X 8. The X24C16 features a 


—Active Read Current Less Than 1 mA 
—Active Write Current Less Than 3mA 
—Standby Current Less Than 50 yA 
Internally Organized 2048 x 8 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Sixteen Byte Page Write Mode 
—Minimizes Total Write Time Per Byte 
Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

8 Pin Mini-DIP, 8 Pin SOIC and 14 Pin SOIC 
Packages 


serial interface and software protocol allowing operation 
on a simple two wire bus. 


The X24C16 is fabricated with Xicor’s advanced CMOS 
Textured Poly Floating Gate Technology. 


The X24C16 utilizes Xicor’s proprietary Direct Write™ 
cell providing a minimum endurance of 100,000 cycles 
and a minimum data retention of 100 years. 


FUNCTIONAL DIAGRAM 


(8) Voc —— 
(4) Vss —— 
(7) TEST 


(5) SDA START 
i. STOP 
j LOGIC 
CONTROL 
eres LOGIC 
SLAVE ADDRESS 
& REGISTER 
(6) SCL +COMPARATOR 
(3) Ao WORD 
(2) Ay ADDRESS 
(1) Ao 


LF COUNTER 


H.V. GENERATION 
TIMING 
& CONTROL 
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E2PROM 
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a! D 
DATAREGISTER LOUT 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-Up 
Resistor selection graph at the end of this data sheet. 


Address (Ag, Aj, A2) 


The Ao, A; and Ap inputs are unused by the X24C16, 
however, they must be tied to Vss to insure proper 
device operation. 


PIN NAMES 


Address Inputs 
Serial Data 

= 
ne 
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PIN CONFIGURATION 
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DIP/SOIC 


X24C : 
24016 
6 


3840 FHD F02 
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DEVICE OPERATION 


The X24C16 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X24C16 will be considered a slave in all 
applications. 


Figure 1. Data Validity 


Clock and Data Conventions 


Data states onthe SDA line canchange only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24C16 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


| DATASTABLE ! DATA ! 
CHANGE 
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Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used by the 
X24C16 to place the device into the standby power 
mode after a read sequence. A stop condition can only 
be issued after the transmitting device has released the 
bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfer. The transmitting device, either 
master or slave, will release the bus after transmitting 
eight bits. During the ninth clock cycle the receiver will 
pull the SDA line LOW to acknowledge that it received 
the eight bits of data. Refer to Figure 3. 


Figure 2. Definition of Start and Stop 


| | 
START BIT 


SCL FROM 
MASTER 


DATA 
OUTPUT 


FROM 
TRANSMITTER 


DATA 
OUTPUT 
FROM 
RECEIVER 


The X24C16 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24C16 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


Inthe read mode the X24C16 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24C16 
will continue to transmit data. If an acknowledge is not 
detected, the X24C16 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24C16 to the standby power mode and 
place the device into a known state. 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see Figure 4). For the X24C16 this is fixed as 1010[B]. 


Figure 4. Slave Address 


DEVICE TYPE 


IDENTIFIER ADDRESS 


eT si 


1 oO 14 OO A2 At AO RW 
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The nextthree bits of the slave address field are the bank 
select bits. They are used by the host to toggle between 
the eight 256 x 8 banks of memory. These are, in effect, 
the most significant bits for the word address. 


The next three bits of the slave address are an extension 
of the array’s address and are concatenated with the 


Figure 5. Byte Write 


SLAVE 
ADDRESS 


SDA LINE 


BUS ACTIVITY: 
X24C16 


eight bits of address in the word address field, providing 
direct access to the whole 2048 x 8 array. 


Following the start condition, the X24C16 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address (device type). Upon a correct 
compare the X24C16 outputs an acknowledge on the 
SDA line. Depending on the state of the R/W bit, the 
X24C 16 will execute a read or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24C16 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of the 
2048 words inthe array. Upon receipt of the word address 
the X24C16 responds with an acknowledge, and awaits 
the next eight bits of data, again responding with an 
acknowledge. The master then terminates the transfer by 
generating a stop condition, at which time the X24C16 
begins the internal write cycle to the nonvolatile memory. 
While the internal write cycle is in progress the X24C16 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 5 for the 
address, acknowledge and data transfer sequence. 


WORD 
ADDRESS 
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Page Write 


The X24C16 is capable of a sixteen byte page write 
operation. It is initiated in the same manner as the byte 
write operation, but instead of terminating the write cycle 
after the first data word is transferred, the master can 
transmit up to fifteen more words. After the receipt of 
each word, the X24C16 will respond with an acknowl- 
edge. 


After the receipt of each word, the four low order address 
bits are internally incremented by one. The high order 
seven bits of the address remain constant. If the master 
should transmit more than sixteen words prior to gener- 
ating the stop condition, the address counter will “roll 
over” and the previously written data will be overwritten. 
As with the byte write operation, all inputs are disabled 
until completion of the internal write cycle. Refer to 
Figure 6 forthe address, acknowledge and data transfer 
sequence. 


Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical 5 ms write cycle time. Once the stop 
condition is issued to indicate the end of the host’s write 
operation the X24C16 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave address 
for a write operation. If the X24C16 is still busy with the 
write operation no ACK will be returned. If the X24C16 
has completed the write operation an ACK will be 
returned and the host can then proceed with the next 
read or write operation. Refer to Flow 1. 


Figure 6. Page Write 


SLAVE WORD 
BUS ACTIVITY: 2 
MASTER ADDRESS ADDRESS (n) 


Flow 1. ACK Polling Sequence 


WRITE OPERATION 
COMPLETED 
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PROCEED 
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DATA n+15 


SDA LINE 


BUS ACTIVITY: 
X24C16 


NOTE: In this example n = xxxx 000 (B); x = 1 or O 


ane Mania 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the R/W bit of the 
slave address is setto aone. There are three basic read 
operations: current address read, random read and 
sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don't care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24C16 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
areadorwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with the R/W bit set to one, the 
X24C16 issues an acknowledge and transmits the eight 


Figure 7. Current Address Read 


BUS ACTIVITY: 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X24C16 


Figure 8. Random Read 


WORD 
ADDRESS n 


BUS ACTIVITY: 
MASTER 
SDA LINE 


BUS ACTIVITY: 
X24C16 


ADDRESS 


bit word. The read operation is terminated by the master; 
by not responding with an acknowledge and by issuing 
a stop condition. Refer to Figure 7 for the sequence of 
address, acknowledge and data transfer. 


Random Read 


Random readoperations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition and the slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24C16 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Refer to Figure 8 forthe address, acknowledge and data 
transfer sequence. 
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Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other read modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24C16 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 
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Figure 10. Typical System Configuration 
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RECEIVER 
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The data output is sequential, withthe data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
2047), the counter “rolls over’ to 0 and the X24C16 
continues to output data for each acknowledge re- 
ceived. Refer to Figure 9 for the address, acknowledge 
and data transfer sequence. 


DATA n+2 DATA n+x 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ................00... —65°C to +150°C Ratings” may cause permanent damage to the device. 

Voltage on any Pin with This is a stress rating only and the functional operation of 
FRESDOCI 10 VSS sisi vccscreerestacenoineon —1.0V to +7.0V the device at these or any other conditions above those 

DG, SSUTBUT CUR ccaccnsarseamvectns ceagecceacesnecetcasenanc 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating condi- 
(Soldering, 10 Seconds) ....................cececeeees 300°C tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


3840 PGM 710 


Industrial 
55°C 


D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified) 


Test Conditions 


SCL = Vcc x 0.1/Vec x 0.9 Levels 

@ 100 KHz, SDA = Open, All Other 
Inputs = GND or Vcc — 0.3V 

SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Vcc = 5.5V 

SCL = SDA = Vcc — 0.3V, All Other 
Inputs = GND or Vcc, Vcc = 3.3V +10% 


Vin = GND to Vcc 
Vout = GND to Vcc 


10 


<e<B5| 5513 F 


CAPACITANCE Ta = 25°C, f= 1.0 MHz, Voc = 5V 


Symbol Parameter 


Input/Output Capacitance (SDA) 


Input Capacitance (Ap, Aj, Az, SCL) 


3840 PGM T05 


Notes: (1) Must perform a stop command prior to measurement. 
(2) Vip min. and Vjy max. are for reference only and are not tested. 
(3) This parameter is periodically sampled and not 100% tested. 


2-139 


X24C16 


A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Voc X 0.1 to Voc x 0.9 
Input Rise and 
Fall Times 

Input and Output 

Timing Levels Voc x 0.5 


3840 PGM T02 


3840 FHD F18 


A.C. CHARACTERISTICS LIMITS (Over the recommended operating conditions unless otherwise specified.) 


Read & Write Cycle Limits 


"symbol [—=SSS*~ rameter SSC*dSC 
Misc, | Sel Owx regen SSSSC~rSCi 
aa 


| T, | _ Noise Suppression Time Constant at SCL, SDA Inputs 


i 
SCL Low to SDA Data Out Valid 
tBuF Time the Bus Must Be Free Before a 4.7 
New Transmission Can Start 


Start Condition Hold Time 40 [ds 
od 


“tug | Clock High Period ——C~“~*~*~*~“—‘~*~*S*~*~“~*~*~‘—‘~‘—~*~wSCi SS 
|_tsusta__| Start Condition Setup Time (for a Repeated Start Condition) | 4.7 | 
“tuopat | DatainHoldTime—SSC~—‘“~*~‘“‘“RSCSC*dSC‘*Os 
“tsupar | DatainSetupTime—=—=~—“~*~“*~“‘“‘“‘~‘~*“‘“‘~*~*~*é~*rSC‘SSSSCSC*dSCi 

tr SDA and SCL Rise Time Pa Te ae 

te SDA and SCL Fall Time P| 800 | ons 
Stop Condition Setup Time 
Data Out Hold Time 


POWER-UP TIMING 


Parameter 


Power-up to Read Operation 
Power-up to Write Operation 


3840 PGM T07 


Bus Timing 
te THIGH tLow 
SCL 
ISU-STA 'HD:STA ‘'HD:DAT 
SDAIN 


soacut XXX KK) 


Notes: (4) tpyR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 


3840 FHD F04 
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WRITE CYCLE LIMITS 


Symbol 


Parameter 


Write Cycle Time 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. Duringthe write cycle, the X24C16 


3840 PGM T08 


bus interface circuits are disabled, SDA is allowed to 
remain high, andthe device does not respondto its slave 
address. 


Write Cycle Timing 


8th BIT 


X24C16 
ADDRESS 


3840 FHD F05 


STOP START 
CONDITION CONDITION 


Notes: (5) Typical values are for T, = 25°C and nominal supply voltage (5V) 
(6) twr is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


Guidelines for Calculating Typical Values of SYMBOL TABLE 


Bus Pull-Up Resistors 


KQ) 


Ww 
O 
Zz 
< 
” 
Y) 
uw 
ao 


MIN. ae 
RESISTANCE tS 


0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 


Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 


is High 
Impedance 


X24C16 


NOTES 
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Preliminary Information ® 
16K X24164 2048 x 8 Bit 
Serial E2PROM 

FEATURES DESCRIPTION 
¢ 2.7V to 5.5V Power Supply The X24164 is a CMOS 16,384 bit serial E7PROM, 
¢ Low Power CMOS internally organized 2048 x 8. The X24164 features a 


—Active Read Current Less Than 1 mA 
—Active Write Current Less Than 3mA 
—Standby Current Less Than 50 vA 
Internally Organized 2048 x 8 

2 Wire Serial Interface 

—Bidirectional Data Transfer Protocol 
Sixteen Byte Page Write Mode 
—Minimizes Total Write Time Per Byte 
Self Timed Write Cycle 

—Typical Write Cycle Time of 5 ms 
High Reliability 

—Endurance: 100,000 Cycles 

—Data Retention: 100 Years 

Pin and Function Compatible with X24C16 


¢ 8-Pin Plastic DIP and 8-Lead SOIC Packages 


serial interface and software protocol allowing operation 
on a simple two wire bus. 


Three device select inputs (So—S2) allow up to eight 
devices to share a common two wire bus. 


Xicor E7PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


FUNCTIONAL DIAGRAM 


(8) Voc — 
(4) Vss —— 
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CONTROL 
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PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-Up 
Resistor selection graph at the end of this data sheet. 


Device Select (So, $+, Sa) 


The device select inputs (So, S;, Sz) are used to set the 
second, third and fourth bits of the 8 bit slave address. 
This allows up to eight X24164’s to share a common 
bus. These inputs can be static or actively driven. If used 
statically they must be tied to Vss or Vcc as appropriate. 
lf actively driven, they must be driven to Vgs or Voc. TO 
be compatible with the X24C16 these pins must all be 
tied to Vgs. 


Pin Names 
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PIN CONFIGURATION 


DIP/SOIC 


X24164 : 
6 


3846 FHD F02 


X24164 


DEVICE OPERATION 


The X24164 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data onto 
the bus as a transmitter, and the receiving device as the 
receiver. The device controlling the transfer is a master 
and the device being controlled is the slave. The master 
will always initiate data transfers, and provide the clock for 
both transmit and receive operations. Therefore, the 
X24164 will be considered a slave in all applications. 


Figure 1. Data Validity 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCL 
LOW. SDA state changes during SCL HIGH are re- 
served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
HIGH. The X24164 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


| DATA STABLE ! DATA ! 
CHA 


NGE 3846 FHD F07 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V) 
(6) twris the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 


device requires to perform the internal write operation. 


Figure 2. Definition of Start and Stop 


| | 
START BIT 
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Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. The stop condition is also used to place 
the device into the standby power mode after a read 
sequence. A stop condition can only be issued after the 
transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfer. The transmitting device, either 
master or slave, will release the bus after transmitting 
eight bits. During the ninth clock cycle the receiver will 
pull the SDA line LOW to acknowledge that it received 
the eight bits of data. Refer to Figure 3. 


Figure 3. Acknowledge Response From Receiver 


SCL FROM 
MASTER 


DATA 
OUTPUT 


FROM 
TRANSMITTER 


DATA 
OUTPUT 
FROM 
RECEIVER 


The X24164 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation have been se- 
lected, the X24164 will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the X24164 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24164 
will continue to transmit data. If an acknowledge is not 
detected, the X24164 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24164 to the standby power mode and 
place the device into a known state. 


ACKNOWLEDGE 
3846 FHD Fog 
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DEVICE ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
bit of the slave is a one (see Figure 4). The next three bits 
are the device select bits. A system could have up to 
eight X24164’s on the bus. The eight addresses are 
defined by the state of the So, Sy, and S2 inputs. S, of the 
slave address must be the inverse of the S, input pin. 


Figure 4. Slave Address 


DEVICE 
SELECT 


ADDRESS 


1 So S; Sg A2 A1 AO RW 


3846 FHD F10 


The next three bits of the slave address are an extension 
of the array’s address and are concatenated with the 
eight bits of address in the word address field, providing 
direct access to the whole 2048 x 8 array. 


Figure 5. Byte Write 


S 

i 
SLAVE 

BUS ACTIVITY: a ADDRESS 


The last bit of the slave address defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 


Following the start condition, the X24164 monitors the 
SDA bus comparing the slave address being transmit- 
ted with its slave address device type identifier. Upon a 
correct compare the X24164 outputs an acknowledge 
onthe SDA line. Depending on the state of the R/W bit, 
the X24164 will execute a read or write operation. 


WRITE OPERATIONS 


Byte Write 


For a write operation, the X24164 requires a second 
address field. This address field is the word address, 
comprised of eight bits, providing access to any one of 
2048 words in the array. Upon receipt of the word 
address the X24164 responds with an acknowledge, 
and awaits the next eight bits of data, again responding 
with an acknowledge. The master then terminates the 
transfer by generating a stop condition, at which time the 
X24164 begins the internal write cycle to the nonvolatile 
memory. While the internal write cycle is in progress the 
X24164 inputs are disabled, and the device will not 
respond to any requests from the master. Refer to 
Figure 5 forthe address, acknowledge and data transfer 
sequence. 


WORD 


ADDRESS DATA 


MASTER 7 , , A 


SDA LINE 


See] 


BUS ACTIVITY: 
X24164 
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Page Write Flow 1. ACK Polling Sequence 
The X24164 is capable of a sixteen byte page write 

operation. It is initiated in the same manner as the byte 

write operation, but instead of terminating the write cycle ee 


after the first data word is transferred, the master can ENTER ACK POLLING 
transmit up to fifteen more words. After the receipt of each 


word, the X24164 will respond with an acknowledge. 
Afterthe receipt of each word, the four low order address ISSUE 

bits are internally incremented by one. The high order START 
seven bits of the word address remain constant. If the 
master should transmit more than sixteen words prior to 


generating the stop condition, the address counter will ISSUE SLAVE 
“roll over” and the previously written data will be over- ADDRESS AND RiW =0 ISSUE STOP 
written. As with the byte write operation, all inputs are 


disabled until completion of the internal write cycle. 


Referto Figure 6 forthe address, acknowledge and data i 
transfer sequence. 
Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical 5 ms write cycle time. Once the stop NEXT 
condition is issued to indicate the end of the host’s write OPERATION 
operation the X24164 initiates the internal write cycle. AWRITE? 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave address 
fora write operation. Ifthe X24164 is still busy with the 


write operation no ACK will be returned. If the X24164 ISSUE BYTE 
has completed the write operation an ACK will be ADDRESS ISSUE STOP 
returned and the host can then proceed with the next 


read or write operation. Refer to Flow 1. 
3846 FHD F12 


Figure 6. Page Write 


SLAVE 
ae ee A ADDRESS WORD ADDRESS (n DATA n DATA n+1 DATA n+15 


BUS ACTIVITY: 
X24164 


NOTE: In this example n = xxxx 0000 (B); x = 1 or O 
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READ OPERATIONS 


Read operations are initiated inthe same manner as write 
operations with the exception that the R/W bit of the slave 
address is set to a one. There are three basic read 
operations: current address read, random read and se- 
quential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a “don't care.” To terminate a read 
operation, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the ninth 
clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24164 contains an address counter that 
maintains the address of the last word accessed, 
incremented by one. Therefore, if the last access (either 
aread orwrite) was to address n, the next read operation 
would access data from address n + 1. Upon receipt of 
the slave address with the R/W set to one, the X24164 
issues an acknowledge and transmits the eight bit word. 


Figure 7. Current Address Read 


S 


+ 
BUS ACTIVITY: A 
MASTER R 


SDA LINE 


BUS ACTIVITY: 
X24164 


Figure 8. Random Read 


S 


2 SLAVE 
BUS ACTIVITY: A ADDRESS 


MASTER 


SDA LINE 


BUS ACTIVITY: 
X24164 


SLA 
ADDRESS 


WORD 
ADDRESS n 


The read operation is terminated by the master; by not 
responding with an acknowledge and by issuing a stop 
condition. Refer to Figure 7 forthe sequence of address, 
acknowledge and data transfer. 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing 
the slave address with the R/W bit set to one, the master 
must first perform a “dummy” write operation. The mas- 
ter issues the start condition, and the slave address 
followed by the word address it is to read. After the word 
address acknowledge, the master immediately reissues 
the start condition and the slave address with the R/W bit 
set to one. This will be followed by an acknowledge from 
the X24164 and then by the eight bit word. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Referto Figure 8 forthe address, acknowledge and data 
transfer sequence. 
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ADDRESS 
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Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating it 
requires additional data. The X24164 continues to out- 
put data for each acknowledge received. The read 
operation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 


Figure 9. Sequential Read 


SLAVE 
BUS ACTIVITY: ADDRESS 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X24164 


Figure 10. Typical System Configuration 


MASTER 
TRANSMITTER/ 


RECEIVER RECEIVER 


DATA n+1 


TRANSMITTER/ 


The data output is sequential, with the data from address 
n followed by the data from n + 1. The address counter 
for read operations increments all address bits, allowing 
the entire memory contents to be serially read during 
one operation. At the end of the address space (address 
2047), the counter “rolls over” to 0 and the X24164 
continues to output data for each acknowledge re- 
ceived. Refer to Figure 9 for the address, acknowledge 
and data transfer sequence. 


DATA n+2 DATA n+x 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias Stresses above those listed under “Absolute Maximum 
PANO csp cress sis ctsesnscidevecsanaeveutedans —65°C to +135°C Ratings” may cause permanent damage to the device. 

Storage Temperature ....................... —65°C to +150°C This is a stress rating only and the functional operation of 

Voltage on any Pin with the device at these or any other conditions above those 
FRESDOGI 10: VSS ec svssinnssonasiosinnsnnnne'tanansat —1.0V to +7.0V indicated in the operational sections of this specification is 

DiC OUTOUL CUNTOINE. goussicesnebesnnsinasintdiredaneciniccnrenicngsien 5 mA not implied. Exposure to absolute maximum rating condi- 


Lead Temperature (Soldering, 10 Seconds) ...... 300°C tions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


X24164-3 3V to 5.5V 


industrial 
Military +125°C X24164-2.7 2.7V to 5.5V 


3846 PGM T02 3846 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol i Ce Test Conditions 
Vcc Supply Current (Read) pf fm | SCL = Vcc X 0.1/Vcc X 0.9 Levels 
@ 100 KHz, SDA = Open, All Other 

Voc Supply Current (write) || 3] mA | Inputs = GND or Veo — 0.3V 


Isp1)) Vcc Standby Current SCL = SDA = Vcc, All Other 
Inputs = GND or Vcc — 0.3V, 
Vec = 5V+10% 
SCL = SDA = Vcc, All Other 
Inputs = GND or Vcc — 0.3V, 
Voc = 3V 


i [pat Leakage Current’ | —~P 10 mA | V=GNDioVeo 
Output Leakage Current | ——*(| ~10~| A 
oo 
input High Voltage Veo x0.7 od 
[Vor | OutputLowVotage «| SY 


Ispa'") Vcc Standby Current 


3846 PGM T04 


CAPACITANCE Ta, = 25°C, f = 1.0 MHz, Voc = 5V 


Symbol Parameter | Units | Test Conditions 


Input/Output Capacitance (SDA) pF 
input Capacitance (So, S1, Sz, SCL) 


3846 PGM T05 


Notes: (1) Must perform a stop command prior to measurement. 
(2) Vi_ min. and Vjy max. are for reference only and are not 100% tested. 
(3) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. LOAD CIRCUIT 


Input Pulse Levels Vec x 0.1 to Vec x 0.9 
Input Rise and 
Fall Times 10 ns 

Input and Output 

Timing Levels Voce A 05 


3846 PGM T06 


OUTPUT 
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A.C. CHARACTERISTICS (Over recommended operating range unless otherwise specified) 
Read & Write Cycle Limits 


symbol | Parameter Min 
fc. | SCL Clock Frequency | 
a ee 
Constant at SCL, SDA Inputs 
New Transmission Can Start 
: 
| a 
| 
po 
ee 


100 
3 

Ul 

UL 

Ul 

Ul 

Ul 

Ul 

U 


(for a Repeated Start Condition) 


SDA and SCL Rise Time 
SDA and SCL Fall Time 


tsu:STO Stop Condition Setup Time 


Data Out Hold Time 


POWER-UP TIMING() 


Power-up to Read Operation 
Power-up to Write Operation 


Notes: (4) tpuR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. These param- 
eters are penodically sampled and not 100% tested. 


1 ws 


Hz 
ns 
S 
S 
S 
Ss 
Ss 
S 
Ss 
ns 
S 
ns 
S 
ns 
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Bus Timing 


Write Cycle Limits 


Symbol 


Parameter 


Write Cycle Time 


3846 FHD F05 


3846 PGM TO9 
bus interface circuits are disabled, SDA is allowed to 


remain high, andthe device does not respondto its slave 
address. 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the write cycle, the X24164 


Write Cycle Timing 


8th BIT 


STOP START 
CONDITION CONDITION 3846 FHD F06 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage (5V). 
(6) tWR is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 


Guidelines for Calculating Typical Values of SYMBOL TABLE 


Bus Pull-Up Resistors 


RESISTANCE (KQ) 


0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X24164 


NOTES 
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K X25C02 


256 x 8 Bit 


SPI Serial E7PROM 


FEATURES 


1MHz Clock Rate 

256 X 8 Bits 

—4 Byte Page Mode 

Low Power CMOS 

—150u.A Standby Current 

—2mA Active Current 

3V To 5.5V Power Supply 

Built-in Inadvertent Write Protection 
—Power-Up/Power-Down protection circuitry 
—Write Latch 

—Write Protect Pin 

Self-Timed Write Cycle 

—5mS Write Cycle Time (Typical) 
High Reliability 

—Endurance: 100,000 cycles per byte 
—Data Retention: 100 Years 

—ESD protection: 2000V on all pins 
8-Pin Mini-DIP Package 

8-Pin SOIC Package 


DESCRIPTION 


The X25C02 is a CMOS 2048 bit serial E7PROM, 
internally organized as 256 x 8. The X25C02 features a 
serial interface and software protocol allowing operation 
ona simple three wire bus. The bus signals are a clock 
input (SCK) plus separate data in (SI) and data out (SO) 
lines. Access to the device is controlled through a chip 
select (CS) input, allowing any number of devices to 
share the same bus. 


The X25C02 also features two additional inputs that 
provide the end user with added flexibility. By asserting 
the HOLD input, the X25C02 will ignore transitions on its 
inputs, thus allowing the host to service higher priority 
interrupts. The WP input can be used as a hardwire input 
to the X25C02 disabling all write attempts; thus providing 
a mechanism for limiting end user capability of altering 
the memory. 


The X25C02 utilizes Xicor’s proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


FUNCTIONAL DIAGRAM 


SO 
S| 
SCK 
CS 
HOLD 


COMMAND 
DECODE 
AND 
CONTROL 


WRITE 
CONTROL 
AND 
TIMING 
LOGIC 


Direct Write™ is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending 
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X 
DECODE 
LOGIC 


64 


256 BYTE ARRAY 
(64 X 32) 


Y DECODE 


ane DATAREGISTER 
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Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push-pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (Sl) 


SI is the serial data input pin. All data, opcodes, byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are sampled or latched on the rising edge 
of the clock input, while data onthe SO pin change after 
the falling edge of the clock input. 


Chip Select (CS) 


When CS is high, the X25C02 is deselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway the X25C02 will be in the 


PIN CONFIGURATION 


7 
X25C02 
6 
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standby power mode. CS low enables the X25C02, 
placing it in the active power mode. It should be noted 
that after power-on, a high to low transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is low, nonvolatile writes to the X25C02 are 
disabled, but the part otherwise functions normally. 
When WP is held high, all functions, including nonvola- 
tile writes operate normally. WP going low while CS is 
still low will interrupt a write to the X25C02. If the internal 
write cycle has already been initiated, WP going low will 
have no affect on write. 


Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select the 
device. Once the part is selected and a serial Sequence is 
underway, HOLD may be used to pause the serial com- 
munication with the controller without resetting the serial 
sequence. To pause, HOLD must be brought low while 
SCK is Low. To resume communication, HOLD is brought 
high, again while SCK is low. If the pause feature is not 
used, HOLD should be held high at all times. 


PIN NAMES 


nn 
si | —Seriatinput 
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PRINCIPLES OF OPERATION 


The X25C02 is a 256 x 8 E7PROM designed to interface 
directly with the synchronous serial peripheral interface 
(SPI) of the popular 6805 and 68HC11 microcontroller 
families. 


The X25C02 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the rising SCK. CS must be low and the HOLD and WP 
inputs must be high during the entire operation. 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. 


Data input is sampled on the first rising edge of SCK after 
CS goes low. SCK is static, allowing the user to stop the 


Table 1. Instruction Set 


clock and then resume operations. If the clock line is 
shared with other peripheral devices onthe SPI bus, the 
user can assert the HOLD input to place the X25C02 into 
a“PAUSE” condition. After releasing HOLD, the X25C02 
willresume operation fromthe point when HOLD was first 
asserted. 


Write Enable (WREN) and 
Write Disable (WRDI) 


The X25C02 contains a write enable latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-on condition and after 
the completion of a byte or page write cycle. The latch is 
also reset if WP is brought low. 


Instruction Name Instruction Format* 


WREN 0000 0110 Set the Write Enable Latch (Enable Write Operations) 
WRDI 0000 0100 Reset the Write Enable Latch (Disable Write Operations) 


READ 0000 0011 ise Data from Memory Array beginning at selected ad- 
WRITE 0000 0010 Write Data to Memory Array beginning at Selected Address 
(1 to 4 Bytes) 


Operation 


3843 PGM T02 


“Instructions are shown MSB in leftmost position. Instructions are transferred MSB first. 
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DEVICE OPERATION 


Clock and Data Timing 


Data input on the SI line is sampled and latched on the 
rising edge of SCK. Data is output on the SO line by the 
falling edge of SCK. 


Read Sequence 


The CS line is first pulled low to select the device. The 
8 bit read opcode is transmitted to the X25C02, followed 
by the 8 bit byte address. After the read opcode and 
byte address are sent, the data stored in the memory 
at the selected address is shifted out on the SO line. 
The data stored in memory at the next address can be 
read sequentially by continuing to provide clock pulses. 
The byte address is automatically incremented to the 
next higher address after each byte of data is shifted 
out. When the highest address is reached ($FF) the 
address counter rolls over to address $00 allowing the 
read cycle to be continued indefinitely. The read opera- 
tion is terminated by taking CS high. Refer to the read 
operation sequence illustrated in Figure 1. 


Write Sequence 


Prior to any attempt to write data into the X25C02, the 
write enable latch must first be set by issuing the WREN 
instruction. (See Fig. 2) CS is first taken low, then the 
instruction is clocked into the X25C02. After all eight bits 
of the instruction are transmitted, CS must then be taken 
high. If the user continues the write operation without 
taking CS high after issuing the WREN instruction the 
write operation will be ignored. 


Once the write enable latch is set, the user may proceed 
by issuing the write instruction, followed by the address 
and then the data to be written. This is minimally a 
twenty-four clock operation. CS must go low and remain 
low for the duration of the operation. The host may 
continue to write up to four bytes of data to the X25C02. 
The only restriction is the four bytes must reside on the 
same page. A page address begins with address XXXX 
XX00 and ends with XXXX XX11. If the byte address 
counter reaches XXXX XX11 and the clock continues 
the counter will roll back to the first address of the page 
and overwrite any data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought high after the 
twenty-fourth, thirty-second, fourtieth or fourtyeighth 
clock. If it is brought high at any other time the write 
operation will not be completed. Refer to Figure 4 below 
for a detailed illustration of the page write sequence and 
time frames in which CS going high are valid. 


Hold Operation 


The HOLD input should be high (at VIH) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled low to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
low when HOLD is first pulled low and SCK must also be 
low when HOLD is released. 


The HOLD input may be tied high either directly to VCC 
or tied to VCC through a resistor. 
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Operational Notes Data Protection 
The X25C02 powers-on in the following state: The following circuitry has been included to prevent 
- The device is in the low power standby state. inadvertent writes: 


- A high to low transition on CS is required to enter > The write enable latch is reset upon power-up. 
an active state and receive an instruction. ¢ Awrite enable instruction must be issued to set the 
write enable latch. 


- CS must come high at the proper clock count in 
order to start a write cycle. 


The write enable latch is reset when WP is brought low. ri 


- SO pin is high impedance. 
¢ The write enable latch is reset. 


Figure 1. Read Operation Sequence 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS 
XY) CKKKAKAKAKAKAA KX XX XXX 
DATA OUT 


HIGH IMPEDANCE (7K6K5K 4K 3K 2X 1 XO} 


MSB 
3843 FHD F04 


Figure 2. Write Enable Latch 


HIGH IMPEDANCE 
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Figure 3. Write Operation Sequence 


ip Seer errant 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 
XXX) C00 CCCCC0CCOCCCO 


HIGH IMPEDANCE 
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Figure 4. Page Write Operation Sequence 


cs \ 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 
XXX) 0000000000000 600 


ee ere 


24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


BOOOOODODOOO0 ODO COO00C00 
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ABSOLUTE MAXIMUM RATINGS* 


*COMMENT 


Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ...................05. —65°C to +150°C Ratings” may cause permanent damage to the device. 
Voltage on any Pin with Respect to Ground —1.0V to +7V This is a stress rating only and the functional operation of 
D.C. OUTPUT Current xii scsicensssnasecwnnsnssrivennanvsivasooase 5mA the device at these or any other conditions above those 
Lead Temperature listed inthe operational sections of this specification is not 

(Soldering, 10 Seconds) ..............cceeeseeeeeeee 300°C implied. Exposure to absolute maximum rating conditions 


for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Temp 
Commercial 


Supply Voltage Limits 


X25C02 SV + 10% 
X25C02-3 3V to 5.5V 


Industrial 
Military 


D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 


3843 PGM T04 


3843 PGM T03 


Test Conditions 


SCK = Vcc x 0.1/Vec x 0.9 @ 1MHz, 
SO = OPEN 


Ic 
ISB 
ILI 


3843 PGM T05 


Power-up to Read Operation 


Power-up to Write Operation 


3843 PGM TO09 


Output Capacitance (SO) —SSS«dY |Your 
6 oF 


3843 PGM T06 


Input Capacitance (SCK, SI, CS, WP, HOLD 


Notes: (1) Vi, Min and Vj), Max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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EQUIVALENT A.C. LOAD CIRCUIT A.C. TEST CONDITIONS 


Input Pulse Levels Vocx0.1to Vocx 0.9 
Input Rise and Fall Times 
Input and Output Timing Level Vecx0.5 


3843 PGM T07 


OUTPUT 


3.07 KQ 100 pF 


3843 FHD F12 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 
Data Input Timing 


"symbol | ——Parameter—=SSSS*YSSMms SS Mas 

-tscx [Clock Frequency ——S=S—~—~—sSC“‘ OC 

[tere [| eycle Time ——SSC~=~“~*~*~sS~“‘OSCSC“‘CNCN#”d’™SC(+*éSSCW 
tap [Stead time ——S=~=~“‘*“~*~sdSC“‘SCSC*dSC“‘NNNN“#*dSns 
tac | eSLagtime ——SOC=~“~*~“~*~sdSC(“‘(HNCdSSSCSC“‘“SCS*drSC 
iwi [Clock High Time —S~=~“~*~*~srC“‘OSSC*dSC“‘CSNSCC#”d’™SCO+*SNS 
tw. Slack LowTime ——SSCS~sSC“‘ROSSCSSSSCSC~—rCSC 
tsu [Data Setup Time ——SSSSCdS 0 S~SSSS~Ss 
ty SCataHold Time ——SSSSCS~sSC“‘“‘aOSSSC*SSSCSC‘“‘“‘*dSCiS 
tay | SS~Cata In Rise Time —SSC~SCC‘C*‘“‘“‘CSSC#*rOUO‘#OOCSOCs 
te SCata in Fall Time —SOSSC—~sSCi‘“‘~*S*~srSC“‘ CS 
two | —SAOLD SetupTime—S~—~—dC“‘ OCSCS*~“*‘*~sdSCias:SC 
Ss 0 
“tes [SS Deselect Time ——S~=~—<~—sSC“‘*é“sSOSC*;S##‘“™NNNNW [rs 
tw) [Write Cycle Time ——S—Ss—=—“—*~—rSC‘“‘CSSS™~C~*SCOC~COC*dSCtims 


Data Output Timing 


Clock Frequency 
Output Disable Time 
Output Valid from clock Low 


tv | 
_tHo | OutputHoldTime 
trol) i 


Output Fall Time 
| tz | HOLD High to Output in Low Z 


tae HOLD Low to Output in High Z 
3843 PGM TO9 


Notes: (3) twc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile write cycle. 


ty 

tHO 

iRO 
(1) 

tLZ 

tHZ 
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Serial Output Timing 


leye 


SCK 
so 
SI ADDR BREBECERREELEELECEREE GEESE LEEEEEEEREEERESE. 


PAIS II PII PIII II IAI I I III PIII III II IIIT I 


3843 FHD FO9 


Serial Input Timing 


tr te 


XR SB IN XX XXX XXX XX tsBin XXXX 


HIGH IMPEDANCE 


3843 FHD F10 
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Hold Timing 


_ 
tip top top 
- 
tuz tz 


KKK XXXXXKS RAK 


3843 FHD F11 
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Advance Information ® 
1K X25010 128 x 8 Bit 
SPI Serial E2PROM 

FEATURES DESCRIPTION 
¢ 1MHz Clock Rate The X25010 is a CMOS 1024 bit serial E7PROM, in- 
° 128 X 8 Bits ternally organized as 128 x 8. The X25010 features a 


—4 Byte Page Mode 

Low Power CMOS 

—150u.A Standby Current 

—3mA Active Write Current 

3V To 5.5V Power Supply 

Block Write Protection 

—Protect 1/4, 1/2 or all of E2PROM Array 
Built-in Inadvertent Write Protection 
—Power-Up/Power-Down Protection Circuitry 
—Write Latch 

—Write Protect Pin 

Self-Timed Write Cycle 

—5mS Write Cycle Time (Typical) 

High Reliability 

—Endurance: 100,000 Cycles per byte 
—Data Retention: 100 Years 

—ESD Protection: 2000V on all Pins 
8-Pin Mini-DIP Package 

8-Pin SOIC Package 


FUNCTIONAL DIAGRAM 


STATUS [| 
REGISTER 


SO 
S| COMMAND 
DECODE 
SCK ~ AND 
CONTROL 
LOGIC 
WRITE 


CONTROL 
AND 
TIMING 
LOGIC 


Direct Write™ is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending 


3835-1 


serial interface and software protocol allowing operation 
on a simple three wire bus. The bus signals are a clock 
input (SCK) plus separate data in (SI) and data out (SO) 
lines. Access to the device is controlled through a chip 
select (CS) input, allowing any number of devices to 
share the same bus. 


The X25010 also features two additional inputs that 
provide the end user with added flexibility. By asserting 
the HOLD input, the X25010 willignore transitions oni its 
inputs, thus allowing the host to service higher priority 
interrupts. The WP input can be used as a hardwire input 
to the X25010 disabling all write attempts; thus providing 
a mechanism for limiting end user capability of altering 
the memory. 


The X25010 utilizes Xicor’s proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


128 BYTE 
ARRAY 


DATA REGISTER 


3835 FHD FO1 


Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push-pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All data, opcodes, byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are sampled or latched on the rising edge 
of the clock input, while data on the SO pin change after 
the falling edge of the clock input. 


Chip Select (CS) 


When CS is high, the X25010 is deselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway the X25010 will be in the 
standby power mode. CS low enables the X25010, 
placing it in the active power mode. It should be noted 
that after power-on, a high to low transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is low, nonvolatile writes to the X25010 are 
disabled, but the part otherwise functions normally. 
When WP is held high, all functions, including nonvola- 
tile writes operate normally. WP going low while CS is 
still low will interrupt a write to the X25010. If the internal 
write cycle has already been initiated, WP going low will 
have no affect on write. 


Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence is 
underway, HOLD may be used to pause the serial com- 
munication with the controller without resetting the serial 
sequence. To pause, HOLD must be brought low while 
SCK is Low. To resume communication, HOLD is brought 
high, again while SCK is low. If the pause feature is not 
used, HOLD should be held high at all times. 


PIN CONFIGURATION 


3835 FHD FO2 


Description 


Serial Output 


3835 PGM T01 
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PRINCIPLES OF OPERATION 


The X25010 is a 128 x 8 E7PROM designed to interface 
directly with the synchronous serial peripheral interface 
(SPI) of the popular 6805 and 68HC11 microcontroller 
families. 


The X25010 contains an 8-bit instruction register. It is 
accessed via the Sl input, with data being clocked in on 
the rising SCK. CS must be low and the HOLD and WP 
inputs must be high during the entire operation. 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. 


Data input is sampled onthe first rising edge of SCK after 
CS goes low. SCK is static, allowing the user to stop the 
clock and then resume operations. If the clock line is 
shared with other peripheral devices onthe SPI bus, the 
user can assert the HOLD input to place the X25010 into 
a“PAUSE” condition. After releasing HOLD, the X25010 
will resume operation fromthe point when HOLD was first 
asserted. 


Write Enable (WREN) and 
Write Disable (WRDI) 


The X25010 contains a write enable latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-on condition and after 
the completion of a byte or page write cycle. The latch is 
also reset if WP is brought low. 


Table 1. Instruction Set 


Instruction Name Instruction Format* 


0000 0100 


WRDI 


: 
[0000-0100 | Reset the Write Enabie Latch (Disable Write Operations) 


WRITE 0000 0010 Write Data to Memory Array beginning at Selected Address 
(1 to 4 Bytes) 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


The Write-In-Process (WIP) bit indicates whether the 
X25010 is busy with a write operation. When set to a “1” 
a write is in progress, when set to a “0” no write is in 
progress. During a write all other bits are set to “1”. 


The Write Enable Latch (WEL) bit indicates the status 
of the write enable latch. When setto a “1” the latchis set, 
when set to a “O” the latch is reset. 


The Block Protect (BPO and BP1) bits indicate the extent 
of protection employed. These bits are set by the user 
issuing the WRSR instruction. 


Write Status Register (WRSR) 


The write status register instruction allows the user to 
select one of four levels of protection. The X25010 is 
divided into four 128-bit segments. One, two or all four 
of the segments may be protected. That is , the user may 
read the segment but will be unable to alter (write) data 
within the selected segments. The partitioning is con- 


trolled as illustrated below. 
Array Addresses 
Protected . 


Status Register Bits 
NONE 


a 
oa 8-7 GH 
aos 712 


3835 PGM T02 


*Instructions are shown MSB in leftmost position. Instructions are transferred MSB first. 


X25010 


DEVICE OPERATION 


Clock and Data Timing 


Data input on the SI line is sampled and latched on the 
rising edge of SCK. Data is output on the SO line by the 
falling edge of SCK. 


Read Sequence 


The CS line is first pulled low to select the device. The 
8 bit read opcode is transmitted to the X25010, followed 
by the 8 bit byte address. After the read opcode and 
byte address are sent, the data stored in the memory 
at the selected address is shifted out on the SO line. 
The data stored in memory at the next address can be 
read sequentially by continuing to provide clock pulses. 
The byte address is automatically incremented to the 
next higher address after each byte of data is shifted 
out. When the highest address is reached ($7F) the 
address counter rolls over to address $00 allowing the 
read cycle to be continued indefinitely. The read opera- 
tion is terminated by taking CS high. Refer to the read 
operation sequence illustrated in Figure 1. 


Write Sequence 


Prior to any attempt to write data into the X25010 the 
write enable latch must first be set by issuing the WREN 
instruction. (See Fig. 2) CS is first taken low, then the 
instruction is clocked into the X25010. After all eight bits 
of the instruction are transmitted, CS must then be taken 
high. If the user continues the write operation without 
taking CS high after issuing the WREN instruction the 
write operation will be ignored. 
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Once the write enable latch is set, the user may proceed 
by issuing the write instruction, followed by the address 
and then the data to be written. This is minimally a 
twenty-four clock operation. CS must go low and remain 
low for the duration of the operation. The host may 
continue to write up to four bytes of data to the X25010. 
The only restriction is the four bytes must reside on the 
same page. A page address begins with address XXXX 
XX00 and ends with XXXX XX11. If the byte address 
counter reaches XXXX XX11 and the clock continues 
the counter will roll back to the first address of the page 
and overwrite any data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought high after the 
twenty-fourth, thirty-second, fourtieth or fourtyeighth 
clock. If it is brought high at any other time the write 
operation will not be completed. Refer to Figure 4 below 
for a detailed illustration of the page write sequence and 
time frames in which CS going high are valid. 


While the write is in progress the stats register may be 
read to check the WIP bit. During this time the WIP bit will 
be high and all other bits in the status register will be 
high. 


Hold Operation 


The HOLD input should be high (at Vj) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled low to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
low when HOLD is first pulled low and SCK must also be 
low when HOLD is released. 


The HOLD input may be tied high either directly to Vcc 
or tied to Vcc through a resistor. 


X25010 


Operational Notes Data Protection 
The X25010 powers-on in the following state: The following circuitry has been included to prevent 
inadvertent writes: 


¢ The device is in the low power standby state. 
- A high to low transition on CS is required to enter - The write enable latch is reset upon power-up. 
an active state and receive an instruction. ¢« Awrite enable instruction must be issued to set the 


- SO pin is high impedance. write enable latch. 
¢ The write enable latch is reset. « CS must come high at the proper clock count in 


order to start a write cycle. 
The write enable latch is reset when WP is brought low. 


Figure 1. Read Operation Sequence 


5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS 


XXX) CXKXKKKKAKAA XX XX XX 


DATA OUT 


HIGH IMPEDANCE (7XeXsXaXsX2X1) ; 


MSB 
3835 FHD F04 


Figure 2. Write Enable Latch 


8 9 10 11 12.13 


3835 FHD F05 
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Figure 3. Write Operation Sequence 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 
ne CC CCCCCECOCCCOCGCOC 


HIGH IMPEDANCE 


3835 FHD FO6 


Figure 4. Page Write Operation Sequence 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 
XX) CC CCCCCCCOCOCOGCEO 


ee ree 


24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


DOOOOOD0 00000 COO GOOO0O00 


3835 FHD FO7 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage | OMPeCrature .cssesciiinertinesees —65°C to +150°C 
Voltage on any Pin with Respect to Ground —1.0V to +7V 
DG OUD GURTCIL irsnceslonnonsarenessissiinstysmiousivantonss set 5mA 
Lead Temperature 

(Soldering, 10 Seconds) ...............ceeeceeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


temp | Min | Max 


3835 PGM T03 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
listed inthe operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


X25010 5V+10% 
X25010-3 3V to 5.5V 


3835 PGM T04 


D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 


Input High Voltage Voc + 0.5 


Power-up to Read Operation 


Power-up to Write Operation 


est S*dYC 
| 8 


Output Capacitance (SO) 


Input Capacitance (SCK, SI,CS,WP,HOLD) | 6 | 


3835 PGM T0O9 


units | Coneltions 


Notes: 


(1) Vi. Min and Vj) Max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


3835 PGM T06 


X25010 


EQUIVALENT A.C. LOAD CIRCUIT A.C. TEST CONDITIONS 


VV Input Pulse Levels Voc x0.1to Vecx 0.9 


Input Rise and Fall Times 
ein Input and Output Timing Level 
3835 PGM T07 
OUTPUT 
3.07 KQ 100 pF 


3835 FHD F12 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 
Data Input Timing 


ek 
icc 7000 
7 

ve 


= 


H 


0 


100 
100 
5 


Data Output Timing 


elt 
n|n 


500 
500 
400 
400 
200 
200 

00 


tWH 
tWL 
tSU 
tH 
tRI 
{FI 
tHD 
tcD 
tcs 


NO] PO 
: : ox, 


—, 


ms 
3835 PGM T08 


two’) 


Symbol | Parameter | Min. =| Max. | Units 
fsck | Clock Frequency | | tM 

tos | Output Disable Time ———SSCS~—SC“‘~‘“*é*dSSCOSC*ds 
iv | Output Valid from clocktow «| SSS*~idCSt~Ci SCs 
tho | OutputHoid Time —SSCSC~=“~—rSC‘“‘“ SSS 
OS 0 
"trol [Output Falltime ——S=~—~SsSSC‘“‘“‘*SCS*dSC‘OSCSC*dC(“‘étmsS 
tz | HOLD High to Outputintow2 <i ~SdYSSSC~dSCSti 
HOLD Low to Output in High Z 900s 


3835 PGM TO9 
Notes: (3) twc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile write cycle. 
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Serial Output Timing 


MSB OUT MSB-1 OUT LSB OUT 


AREEBEEEEEECE RE EEESE OE £EEEEEEEEEEEEESEEESE ES. 
SESSA LATALPA ASASASASS RAPALA Swe ws, 


3835 FHD FO9 


Serial Input Timing 


ta te 


XA MSBIN XX XXX XXX XXX ESB IN XXX 


HIGH IMPEDANCE 


3835 FHD F10 
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Hold Timing 


6c 


tuo top top 
- 
tz tz 


XK KKK AK KX 


3835 FHD F11 
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Advance Information 


2K X25020 256 x 8 Bit 
SPI Serial E7PROM 

FEATURES DESCRIPTION 

¢ 1MHz Clock Rate The X25020 is a CMOS 2048 bit serial E7 PROM, inter- 

° 256 X 8 Bits nally organized as 256 x 8. The X25020 features a Serial 
—4 Byte Page Mode interface and software protocol allowing operation ona 

¢ Low Power CMOS simple three wire bus. The bus signals are a clock input 
—150u.A Standby Current (SCK) plus separate data in (SI) and data out (SO) lines. 


—2mA Active Write Current 

3V To 5.5V Power Supply 

Block Write Protection 

—Protect 1/4, 1/2 or all of E2PROM Array 
Built-in Inadvertent Write Protection 
—Power-Up/Power-Down protection circuitry 
—Write Latch 

—Write Protect Pin 

Self-Timed Write Cycle 

—5mS Write Cycle Time (Typical) 

High Reliability 

—Endurance: 100,000 cycles per byte 
—Data Retention: 100 Years 

—ESD protection: 2000V on all pins 


¢ 8-Pin Mini-DIP Package 
WRITE 
|___J PROTECT 
17 


¢ 8-Pin SOIC Package 


FUNCTIONAL DIAGRAM 


STATUS 
REGISTER 


SO 

SI 
SCK 
cs 
HOLD 


CONTROL 
AND 
TIMING 
LOGIC 


Direct Write™ is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending 
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an 
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Access to the device is controlled through a chip select 
(CS) input, allowing any number of devices to share the 
same bus. 


The X25020 also features two additional inputs that 
provide the end user with added flexibility. By asserting 
the HOLD input, the X25020 willignore transitions on its 
inputs, thus allowing the host to service higher priority 
interrupts. The WP input canbe used as a hardwire input 
to the X25020 disabling all write attempts; thus providing 
a mechanism for limiting end user capability of altering 
the memory. 


The X25020 utilizes Xicor’s proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


256 BYTE 
ARRAY 


X DECODE 
LOGIC 


DATA REGISTER 


3834 FHD F01 


Characteristics subject to change without notice 


X25020 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push-pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All data, opcodes, byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are sampled or latched on the rising edge 
of the clock input, while data on the SO pin change after 
the falling edge of the clock input. 


Chip Select (CS) 


When CS is high, the X25020 is deselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway the X25020 will be in the 
standby power mode. CS low enables the X25020, 
placing it in the active power mode. It should be noted 
that after power-on, a high to low transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is low, nonvolatile writes to the X25020 are 
disabled, but the part otherwise functions normally. 
When WP is held high, all functions, including nonvola- 
tile writes operate normally. WP going low while CS is 
Still low will interrupt a write to the X25020. If the internal 
write cycle has already been initiated, WP going low will 
have no affect on write. 


Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence is 
underway, HOLD may be used to pause the serial com- 
munication with the controller without resetting the serial 
sequence. To pause, HOLD must be brought low while 
SCK is Low. To resume communication, HOLD is brought 
high, again while SCK is low. If the pause feature is not 
used, HOLD should be held high at all times. 


PIN CONFIGURATION 


3834 FHD F02 


Serial Output 
Serial Input 


Serial Clock Input 


3834 PGM TO1 


2-176 


X25020 


PRINCIPLES OF OPERATION 


The X25020 is a 256 x 8 E7PROM designed to interface 
directly with the synchronous serial peripheral interface 
(SPI) of the popular 6805 and 68HC11 microcontroller 
families. 


The X25020 contains an 8-bit instruction register. It is 
accessed via the Sl input, with data being clocked in on 
the rising SCK. CS must be low and the HOLD and WP 
inputs must be high during the entire operation. 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. 


Data input is sampled onthe first rising edge of SCK after 
CS goes low. SCK is static, allowing the user to stop the 
clock and then resume operations. If the clock line is 
shared with other peripheral devices onthe SPI bus, the 
user can assert the HOLD input to place the X25020 into 
a“PAUSE” condition. After releasing HOLD, the X25020 
will resume operation fromthe point when HOLD was first 
asserted. 


Write Enable (WREN) and Write Disable (WRDI) 


The X25020 contains a write enable latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-on condition and after 
the completion of a byte or page write cycle. The latch is 
also reset if WP is brought low. 


Table 1. Instruction Set 


WRITE 0000 0010 


READ 0000 0011 Read Data from Memory Array beginning at selected 
address 


Write Data to Memory Array beginning at Selected Address 
(1 to 4 Bytes) 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


The Write-In-Process (WIP) bit indicates whether the 
X25020 is busy with a write operation. When set to a “1” 
a write is in progress, when set to a “0” no write is in 
progress. During a write all other bits are set to “1”. 


The Write Enable Latch (WEL) bit indicates the status 
of the write enable latch. When setto a “1” the latchis set, 
when set to a “O” the latch is reset. 


The Block Protect (BPO and BP1) bits indicate the 
extent of protection employed. These bits are set by the 
user issuing the WRSR instruction. 


Write Status Register (WRSR) 


The write status register instruction allows the user to 
select one of four levels of protection. The X25020 is 
divided into four 512-bit segments. One, two, or all four 
of the segments may be protected. That is, the user may 
read the segments but will be unable to alter (write) data 
within the selected segments. The partitioning is con- 


trolled as illustrated below. 
Array Addresses 
Protected 


Status Register Bits 
| BPi | BPO 
pO Tt COS FF (1/4) 
pt | O88 0-$FF (1/2) 


$00-$FF (all) 


3834 PGM T02 


“Instructions are shown MSB in leftmost position. Instructions are transferred MSB first. 


X25020 


DEVICE OPERATION 
Clock and Data Timing 


Data input on the SI line is sampled and latched on the 
rising edge of SCK. Data is output on the SO line by the 
falling edge of SCK. 


Read Sequence 


The CS line is first pulled low to select the device. The 
8 bit read opcode is transmitted to the X25020, followed 
by the 8 bit byte address. After the read opcode and 
byte address are sent, the data stored in the memory 
at the selected address is shifted out on the SO line. 
The data stored in memory at the next address can be 
read sequentially by continuing to provide clock pulses. 
The byte address is automatically incremented to the 
next higher address after each byte of data is shifted 
out. When the highest address is reached ($FF) the 
address counter rolls over to address $00 allowing the 
read cycle to be continued indefinitely. The read opera- 
tion is terminated by taking CS high. Refer to the read 
operation sequence illustrated in Figure 1. 


Write Sequence 


Prior to any attempt to write data into the X25020 the 
write enable latch must first be set by issuing the WREN 
instruction. (See Fig. 2) CS is first taken low, then the 
instruction is clocked into the X25020. After all eight bits 
of the instruction are transmitted, CS must then be taken 
high. If the user continues the write operation without 
taking CS high after issuing the WREN instruction the 
write operation will be ignored. 


2-178 


Once the write enable latch is set, the user may proceed 
by issuing the write instruction, followed by the address 
and then the data to be written. This is minimally a 
twenty-four clock operation. CS must go low and remain 
low for the duration of the operation. The host may 
continue to write up to four bytes of data to the X25020. 
The only restriction is the four bytes must reside on the 
same page. A page address begins with address XXXX 
XX00 and ends with XXXX XX11. If the byte address 
counter reaches XXXX XX11 and the clock continues 
the counter will roll back to the first address of the page 
and overwrite any data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought high after the 
twenty-fourth, thirty-second, fortieth or forty-eighth clock. 
If it is brought high at any other time the write operation 
will not be completed. Refer to Figure 4 below for a 
detailed illustration of the page write sequence and time 
frames in which CS going high are valid. 


While the write is in progress the status register may be 
read to check the WIP bit. During this time the WIP bit will 
be high and all other bits in the status register will be 
high. 


Hold Operation 


The HOLD input should be high (at Vj) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled low to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
low when HOLDis first pulled low and SCK must also be 
low when HOLD is released. 


The HOLD input may be tied high either directly to Voc 
or tied to Vcc through a resistor. 


X25020 


Operational Notes Data Protection 
The X25020 powers-on in the following state: The following circuitry has been included to prevent 
- The device is in the low power standby state. inadvertent writes: 


- A high to low transition on CS is required to enter * The write enable latch is reset upon power-up. 
an active state and receive an instruction. ¢ Awrite enable instruction must be issued to set the 
- SO pin is high impedance. write enable latch. 
order to start a write cycle. 


The write enable latch is reset when WP is brought low. a 


Figure 1. Read Operation Sequence 


6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS 


0.00 CKAKAKAKAKKKA A XX XXX X 


DATA OUT 


HIGH IMPEDANCE (7K6K5K4K3K 2K 1X0 ) 


MSB 
3834 FHD F04 


Figure 2. Write Enable Latch 


HIGH IMPEDANCE 


3834 FHD FO5 
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Figure 3. Write Operation Sequence 


a 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 
si XY) CCCCCOCCOCCOCCCO 


HIGH IMPEDANCE 


3834 FHD FO6 


Figure 4. Page Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 138 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 
XY CC CCCCCCCCCCCOCCO 


eee ene el 


24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


DOOODODODOOOOCDO 00000000 


3834 FHD F07 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature .....................0 —65°C to +150°C 
Voltage on any Pin with Respect to Ground —1.0V to +7V 
DC QUIBUE CUMCIN i cecssssvsinsinsnseasavancacasiecvencnrantes 5mA 
Lead Temperature 

(Soldering, 10 Seconds) .................eeceeee 300°C 


RECOMMENDED OPERATING CONDITIONS 


Max. 
[Industrial 


3834 PGM T03 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
listed inthe operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Supply Voltage 
X25020 5V+10% 
X25020-3 3V to 5.5V 
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D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 


bal 


Input Leakage Current 


fe 
(Senay || TMA | B= Noo Ww Gndoroo 080 
(Standby) 

P10 

a ee ee 

| -1.0 | Voc? 0.3 | 


Test Conditions 


mA SCK = Vcc x 0.1/Vcc x 0.9 @ 1MHz, 
SO = OPEN 


Vin = GND to Vcc 
Vout = GND to Vcc 
loL = 2mA 


IOH = —1.0mMA 


Se EBE 
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Power-up to Read Operation 


Power-up to Write Operation 


Output Capacitance (SO) 


CIN Input Capacitance (SCK, SI, CS, WP, HOLD 


Notes: 


3834 PGM T06 


(1) Vi. Min and V4 Max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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EQUIVALENT A.C. LOAD CIRCUIT A.C. TEST CONDITIONS 


Input Pulse Levels Voc x0.1 to Vocx 0.9 
Input Rise and Fall Times 
Input and Output Timing Level 
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A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 
Data Input Timing 


Clock Frequenoy ee 


tore [Cycle Time —SSCSC=~“~*~“~*~*~sYSC“~«RSCdSC“‘CNCN#*OUCsSC 
~teap [SS Lead Time —SC~=“‘“‘*~*sS*~‘(OSSC*dSsSC(‘(‘CSCC#*Uns 
tac [CS LagTime ——Ss—=~“—~“‘~*~*~dtCSCSC‘“‘zSTSdSSCS~— ns 
tw Clock HighTime—=SC=~=“‘*~“~*~sSC*‘“‘*‘iROSC*dSC“‘CNNN##*™SOUCs SC 
—twe fT Glock towTime——SSSCSC~sSC“‘“‘(MNSCC*SSOOCOC~‘“tCSC‘“‘itSS 
—tsu ata SetupTime——SSCSC=~—~sCSC‘“‘aCOSCSC*dSSCSC‘“‘CNCSCC#dOUns 
ty [Sata Hold Time ——SSs=~=“~*~‘“dSC“‘zSC*dSSOSCSCSC*~‘“—wSCSCisS 
ta attain Rise Time —SSSCSC~—~—CSC“‘*é‘“*‘S*‘“dtCS*S*~‘ SCS 
te Catan aliTime——SSCS—~—SC“‘CSSSCC~#*rOO~‘&OSCdYSCis 
tuo COLD Setuptime——~—~s~C“‘éOCdSC™C~sSC<i‘itSCS 
tcp [HOLD Hold Time ———SC~—~dSC“‘aSSC*dSC“‘CSNCOC#”OU ns 
“tes [SS Deselect Time ——SCS~sSC“‘ ¥CSSC*SSSSCSC~“~*~*~sSC‘itSCS 
T two —CWite Cycle Time ———SSCSC~—sSC“‘CS!SC*di;CC~‘OC*dYSCOCtms 


Data Output Timing 


HOLD High to Output in Low Z 
HOLD Low to Output in High Z 


Notes: (3) twc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile write cycle. 


3834 PGM TO9 
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Serial Output Timing 


teye 


MSB OUT 


MSB-1 OUT 


LSB OUT 


S| <P CECE EEEEEEEEEEEEEEE GER EEELEESEEESEEREEEES. 
Se PIII ITT II II II I I 
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tei te 


KAMA wsBIN XX XXX XX XXX sein XXKX 


HIGH IMPEDANCE 


3834 FHD F10 


2-183 


X25020 


Hold Timing 


ee 
tip s top top 
D 
liz tz 


AX AXA 


/ 
/\ 


NY 


XXX NV 
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4K X25040 512 x 8 Bit 
SPI Serial E7PROM 


Advance Information 


FEATURES DESCRIPTION 

® 1MHz Clock Rate The X25040 is a CMOS 4096 bit serial EPROM, inter- 

® SPI Modes 0 & 3 nally organized as 512 x 8. The X25040 features a Serial 

® 512 X 8 Bits Peripheral Interface (SPI) and software protocol allow- 
—4 Byte Page Mode ing operation onasimple three wire bus. The bus signals 

® Low Power CMOS are a clock input (SCK) plus separate data in (SI) and 
—150uA Standby Current data out (SO) lines. Access to the device is controlled 
—3mA Active Current through a chip select (CS) input, allowing any number of 

© 2.7V To 5.5V Power Supply devices to share the same bus. 

*° Block Write Protection The X25040 also features two additional inputs that 
—Protect 1/4, 1/2 or all of E7PROM Array provide the end user with added flexibility. By asserting 

* Built-in Inadvertent Write Protection the HOLD input, the X25040 will ignore transitions on its 
—Power-Up/Power-Down protection circuitry inputs, thus allowing the host to service higher priority 
—Write Latch interrupts. The WP input can be used as a hardwire input 
—Write Protect Pin to the X25040 disabling all write attempts; thus providing 

® Self-Timed Write Cycle a mechanism for limiting end user capability of altering 
—5mS Write Cycle Time (Typical) the memory. 


High Reliability 

—Endurance: 100,000 cycles per byte 
—Data Retention: 100 Years 

—ESD protection: 2000V on all pins 

© 8-Pin Mini-DIP Package 

® 8-Pin SOIC Package 


The X25040 utilizes Xicor’s proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


FUNCTIONAL DIAGRAM 


status [| WRITE 
REGISTER PROTECT F 
1] d 


X DECODE 512 BYTE 
LOGIC ARRAY 


SO 

S| 
SCK 
cs 
HOLD 


COMMAND 
DECODE 


CONTROL 
AND 
TIMING 
LOGIC 


DATA REGISTER 


Direct Write™ is a trademark of Xicor, Inc. 3644 FHD F01 
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PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push-pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All data, opcodes, byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are sampled or latched on the rising edge 
of the clock input, while data on the SO pin change after 
the falling edge of the clock input. 


Chip Select (CS) 


When CS is high, the X25040 is deselected and the SO 
Output pin is at high impedance and unless an internal 
write operation is underway the X25040 will be in the 
standby power mode. CS low enables the X25040, 
Placing it in the active power mode. It should be noted 
that after power-on, a high to low transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is low, nonvolatile writes to the X25040 are 
disabled, but the part otherwise functions normally. 
When WP is held high, all functions, including nonvola- 
tile writes operate normally. WP going low while CS is 
Still low will interrupt a write to the X25040. If the internal 
write cycle has already been initiated, WP going low will 
have no affect on write. 
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Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select the 
device. Once the part is selected and a serial Sequence is 
underway, HOLD may be used to pause the serial com- 
munication with the controller without resetting the serial 
sequence. To pause, HOLD must be brought low while 
SCK is Low. Toresume communication, HOLD is brought 
high, again while SCK is low. If the pause feature is not 
used, HOLD should be held high at all times. 


PIN CONFIGURATION 
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PIN NAMES 


Description 
Chip Select Input 
Serial Output 
Serial Input 
Serial Clock Input 
Write Protect Input 
Ground 
Supply Voltage 
Hold Input 


CS 
SO 
SI 
SCK 
b 
SS 
CC 
HOLD 
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PRINCIPLES OF OPERATION 


The X25040 is a512 x 8 E7PROM designed to interface 
directly with the synchronous Serial peripheral interface 
(SPI) of the popular 6805 and 68HC11 microcontroller 
families. 


The X25040 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the rising SCK. CS must be low and the HOLD and WP 
inputs must be high during the entire operation. 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. Bit 3 of the Read and Write 
instructions contain the higher order address bit, Ag. 


Data input is sampled on the first rising edge of SCK after 
CS goes low. SCK is static, allowing the user to stop the 
clock and then resume operations. If the clock line is 
shared with other peripheral devices on the SPI bus, the 
user can assert the HOLD input to place the X25040 into 
a“PAUSE” condition. After releasing HOLD, the X25040 
will resume operation from the point when HOLD was 
first asserted. 


Write Enable (WREN) and Write Disable (WRDI) 


The X25040 contains a write enable latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-on condition and after 
the completion of a byte or page write cycle. The latch is 
also reset if WP is brought low. 


Table 1. Instruction Set 


READ 0000 A011 Read Data from Memory Array beginning at selected 
address 

WRITE 0000 A010 Write Data to Memory Array beginning at Selected Address 
(1 to 4 Bytes) 


Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


P7}e/[s{}4] 3 | 2 [1] 0 | 


The Write-In-Process (WIP) bit indicates whether the 
X25040 is busy with a write operation. When set to a “1” 
a write is in progress, when set to a “O” no write is in 
progress. During a write all other bits are set to “1”. 


The Write Enable Latch (WEL) bit indicates the status 
of the write enable latch. When settoa“1” the latchis set, 
when set to a “O” the latch is reset. 


The Block Protect (BPO and BP1) bits indicate the 
extent of protection employed. These bits are set by the 
user issuing the WRSR instruction. 


Write Status Register (WRSR) 


The write status register instruction allows the user to 
select one of four levels of protection. The X25040 is 
divided into four 1024-bit segments. One, two, or all four 
of the segments may be protected. That is, the user may 
read the segments but will be unable to alter (write) data 
within the selected segments. The partitioning is con- 
trolled as illustrated below. 


Status Register Bits Array Addresses 
BPi | BPO | __—~Protected 
po | None 
pO 8180-81 FF 


po OT $100-$ 1 FF 
$000-$1 FF 
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*Instructions are shown MSB in leftmost position. Instructions are transferred MSB first. 
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DEVICE OPERATION 


Clock and Data Timing 


Data input on the SI line is sampled and latched on the 
rising edge of SCK. Data is output on the SO line by the 
falling edge of SCK. 


Read Sequence 


The CS line is first pulled low to select the device. The 
8 bit read instruction is transmitted to the X25040, 
followed by the 8 bit byte address. Bit 3 of the Read 
instruction contains address Ag. This bit is used to 
select the upper or lower half of the device. After the 
read opcode and byte address are sent, the data stored 
in the memory at the selected address is shifted out on 
the SO line. The data stored in memory at the next 
address can be read sequentially by continuing to 
provide clock pulses. The byte address is automatically 
incremented to the next higher address after each byte 
of data is shifted out. When the highest address is 
reached ($1FF) the address counter rolls over to ad- 
dress $000 allowing the read cycle to be continued 
indefinitely. The read operation is terminated by taking 
CS high. Refer to the read operation sequence illus- 
trated in Figure 2. 


Write Sequence 


Prior to any attempt to write data into the X25040 the 
write enable latch must first be set by issuing the WREN 
instruction. (See Fig. 3) CS is first taken low, then the 
instruction is clocked into the X25040. After all eight bits 
of the instruction are transmitted, CS must then be taken 
high. If the user continues the write operation without 
taking CS high after issuing the WREN instruction the 
write operation will be ignored. 
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Once the write enable latch is set, the user may proceed 
by issuing the write instruction, followed by the address 
and then the data to be written. Bit 3 of the Write 
instruction contains address Ag. This bit is used to select 
the upper or lower half of the device. This is minimally a 
twenty-four clock operation. CS must go low and remain 
low for the duration of the operation. The host may 
continue to write up to four bytes of data to the X25040. 
The only restriction is the four bytes must reside on the 
same page. A page address begins with address 
X XXXX XX00 and ends with X XXXX XX711. If the byte 
address counter reaches X XXXX XX11 and the clock 
continues the counter will roll back to the first address of 
the page and overwrite any data that may have been 
written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought high after the 
twenty-fourth, thirty-second, fourtieth or fourtyeighth 
clock. If it is brought high at any other time the write 
operation will not be completed. Refer to Figure 4 below 
for a detailed illustration of the page write sequence and 
time frames in which CS going high are valid. 


While the write is in progress the status register may be 
read to check the WIP bit. During this time the WIP bit will 
be high and all other bits in the status register will be 
undefined. 


Hold Operation 


The HOLD input should be high (at Vj) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled low to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
low when HOLD is first pulled low and SCK must also be 
low when HOLD is released. 


The HOLD input may be tied high either directly to Voc 
or tied to Vcc through a resistor. 
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Operational Notes Data Protection 

The X25040 powers-on in the following state: The following circuitry has been included to prevent 

¢ The device is in the low power standby state. inadvertent writes: 

¢ A high to low transition on CS is required to enter * The write enable latch is reset upon power-up. 
an active state and receive an instruction. ¢ A write enable instruction must be issued to set the 
write enable latch. 

¢ CS must come high at the proper clock count in 
order to start a write cycle. 


The write enable latch is reset when WP is brought low. iA 


e SO pin is high impedance. 
e The write enable latch is reset. 


Figure 1. Read Operation Sequence 


8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS 


XXX) /®\ TKEXEXEXEXEMKOKIA XX XXX XX 


DATA OUT 


HIGH IMPEDANCE (7K6K5K4K3K2K 1X0) 


MSB 3844 FHD F04 


Figure 2. Write Enable Latch 


HIGH IMPEDANCE 


3844 FHD FO5 


2-189 


X25040 


Figure 3. Write Operation Sequence 


INSTRUCTION BYTE ADDRESS DATA BYTE 
si XX /*\ UC COCO CCOCCGCOUCCOC 


HIGH IMPEDANCE 


3844 FHD FO6 


Figure 4. Page Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 
XXX /e\ VCOCOSCCCOCCCCOCEO 


ene aren A 


24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


BOOOOO00 COOOOO00OOOOOO00 


3844 FHD F07 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature ................:00 —65°C to +150°C 
Voltage on any Pin with Respect to Ground —1.0V to+7V 
D.C. OUIDUL CUI scswvievesvsannceiestsnsscdantetts cnciadevent 5mA 
Lead Temperature 

(Soldering, 10 Seconds).............ccccceeeeeseeeee 300°C 


RECOMMENDED OPERATING CONDITIONS 


industrial 
Military +125°C 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
listed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 


Vcc Supply Current (Active) SCK = Vcc x 0.1/Vcc x 0.9 @ 1MHz, 
SO = OPEN 


rise |Voo Supply Curent (Standby) | uA 
rig [inp Leetage Curent [| 10 | wa] Vins GND Veg 
[io [Oust Leakage Curent [| 0 | wa | Vour= GNDioVeg 
Wil" JinputtowVotage =| 10 |Vecxos) V [SSS 
Vin [input High Votage ____|Veox07|Voc+05) V [SSS 
Vou |Ouiputtowvotage =| =< «soe | Vf sama SSS 
[Vor [Output High Votage | Veo08 | V | lon=-10mA 
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POWER-UP TIMING 


Se 
punt) PoweruptoWrte Operation | ——~—=S«| SS) 
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CAPACITANCE Ta = 25°C, f = 1.0MHz, Vcc = 5V. 


Symbol Test 


Output Gapaciance (SO) _——————~i| 8 | pF | Vour= 
input Capacitance (SCK, Si, CS, WE, HOLD) | 6 | pF | Vin=0V 


3844 PGM T06 


Notes: (1) Vj, Min and V\, Max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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EQUIVALENT A.C. LOAD CIRCUIT A.C. TEST CONDITIONS 


Input Pulse Levels Voc x0.1to Vocx 0.9 
Input Rise and Fall Times 


Input and Output Timing Level 
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OUTPUT 


100 pF 


5V 
2.16 KQ 
3.07 KQ 
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A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 
Data Input Timing 


“symoot | Parameters 
fsck | Clock Frequency —S—=~“—*~—sSC“‘“ S*S*~sSC“‘ 
“tore | Cycle Time —SSCSC~=<“~*~rS*~“‘ SCdSC“‘“CNSC#*dOUSdsS 
“gap | CSLead Time —S=~=~“‘*“‘*~*é‘~rSCSC“‘“*OOSC*dtC‘(‘CONSCN’*SNSCUns 
“tag [CS LagTime ———SSSCSC~—SSCiOSSdSC~dS ts 
iwi | Clock High Time —S—SC~—SC=~‘iROSSC*dSC‘“‘“SCS™*dSC*SS 
iwi [Clock LowTime ——SS~dSCSSOSiSS is 
isu [ata Setup Time ——SSS—~dSStO SSCs 
tw | ~SataHold Time —SsS~—=~—~—sSSCitOSC*“dSC“‘CNNCO*Dns 
ta [Cate in Rise Time ——SSCSC~—~idSSSSCSC“~“~irSS OSs 
te Sita in all Time ———SSSCSC—~iSCSSSCSCSC~—~‘iSSCi Ss 
tuo | SOLD SeupTime——S—=~sS=C“‘é OC*dS*C“‘CNSCC#”d’™*C=C‘é DST 
tcp SHOLD Hold Time —S~s~SC=~‘i OSC‘*dSC“‘CSNSNNC#* ns 
tes [CS Deselect Time ——S~=~sS~SC“‘“‘“ONSSC*‘“dS‘“‘“‘#SNNNNNCS“dSDsns 
—twe@ [Write Cycle Time ——S—S—=~dSCS ms 
3844 PGM T08 


Data Output Timing 


Clock Frequency po 
Output Disable Time as 
Output Valid from clock Low Po 400 


100 


Notes: (3) This parameter is periodically sampled and not 100% tested. 
(4) twc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile write cycle. 


3844 PGM TOS 
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Serial Output Timing 


leye 


LSB OUT 


MSB OUT MSB-1 OUT 


BEERREREEEEEEEE EE EEE CEECESEECEEE EERE ESE 
HS SHAARSAATARAHASASISSPOGSALIAIAMAAAAMELL SH, 
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Serial Input Timing 


ti ty 


XXXAXA MSBINAXX AXA XX XXX tsBIn XXX 


HIGH IMPEDANCE 
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Hold Timing 


a 


tub lop top 
¥ 
tuz tz 


XX KKK AK KX 
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Fact Sheet 

4K X76041 512 x 8 Bit 
SECURE Serial E7PROM 

FEATURES DESCRIPTION 


¢ 64-Bit Password Security 

¢ Three Password Modes 

—Secure Read Access 

—Secure Write Access 

—Secure Configuration Access 

Programmable Configuration 

—Read, Write and Configuration Access 
Passwords 

—Block Access 

—Retry Register 

—ISO Response to Retry 

Low Power CMOS 

—100u A Standby Current 

—3mA Active Current 

High Reliability 

—Endurance: 100,000 Cycles Per Byte 

—Data Retention: 100 Years 

—ESD Protection: 2000V on All Pins 


FUNCTIONAL DIAGRAM 


CHIP 


The X76041 is a CMOS 4096 bit serial E2PROM, 
internally organized as 512 x 8. The X76041 features a 
serial interface and software protocol allowing operation 
on a simple two wire bus. The bus signals are a clock 
input (SCL) and a bidirectional data input and output 
(SDA). Access to the device is controlled through a chip 
select input (CS), allowing any number of devices to 
share the same bus. 


The X76041 also features three 64-bit programmable 
passwords for controlled access to the device; one for 
read operations, one for write operations and one for 
configuration of the device. 


The X76041 also features a programmable response to 
reset output; providing an automatic output of a pre- 
configured 32-bit data stream conforming to the ISO 
standard for memory cards. 


The X76041 utilizes Xicor's proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


©Xicor, 1991 Patents Pending 
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Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Serial Data Input/Output (SDA) 
SDA is a true three state serial data input/output pin. 


During aread cycle, datais shifted out onthis pin. During 
a write cycle, data is shifted in on this pin. 


Reset (RST) 
RST is adevice reset pin. When pulsed high the X76041 


will output the pre-configured 32-bit response to reset 
data word. 


Serial Clock (SCL) 


The Serial Clock controls the serial bus timing for data 
input and output. 


Chip Select (CS) 


When CS is high, the X76041 is deselected andthe SDA 
pin is at high impedance and unless an internal write 
operation is underway the X76041 will be in the standby 
power mode. CS low enables the X76041, placing it in 
the active power mode. 


PIN CONFIGURATION 
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DIP/SOIC 
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Serial Clock Input 


Supply Voltage 
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DEVICE OPERATION 


The X76041 protocol is similar to that employed by the 
Xicor X24C02 family. The major difference is the ab- 
sence of a device type identifier and device address. 
These are replaced by the CS input which would allow 
multiple devices to occupy a single bus. The SDA I/O is 
not open drain but a true tri-state I/O with push/pull 
output. 


The basic method of communication is established by 
first enabling the device (CS low), generating a start 
condition and then transmitting acommand and address 
field followed by the correct password; only then can the 
data transfer occur. The data are transferred in 8-bit 
segments, with each transfer being followed by an ACK 
generated by the receiving device. The basic sequence 
is illustrated in Figure 1. 


There are three programmable passwords; one for read 
operations, one for write operations and one for configu- 
ration operations. 


The device is shipped from the factory with the pass- 
words in the programmed state—all 0's. This known 
state will allow the end user access into the configuration 
mode for programming of the passwords to be utilized. 


Configuration Register 


The array is divided into four 1K segments, each program- 
mable to different levels of security and functionality. 


Mode 0: Read/Write access. 
Mode 1: Read access, all write operations locked out. 


Mode 2: Read access and program only (writing, 
but only able to change a 1 to 0). If an attempt to 
change a 0 to a 1 occurs the X76041 will reset the 
command register, not respond with an ACK and 
enter the standby power mode. 


Mode 3: No read or write access to the memory. 
Access only through use of the configuration pass- 
word. 
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Retry Register/Counter 


The retry register is accessible in the configuration 
mode and a value of 0 to 255 may be programmed. This 
defines the number of unsuccessful attempts to access 
the device the user will allow. Operating in conjunction 
with this retry register is a nonvolatile counter maintain- 
ing acount of unsuccessful access attempts. Acompare 
is made between register andcounter and if equal auser 
defined action will be taken. 


Response to Reset 


Whenever the RST input is driven high, the X76041 will 
automatically output a 32-bit data stream. The data are 
output at the same rate as the SCL input; inthis mode as 
fast as 1 MHz. 


User Modes 


User modes require issuing the 3-bit command followed 
by the address, password and then the data transfer as 
illustrated in Figure 1. The commands are: 


Write = 000 
Read = 001 


Write operations may be 1 or more (up to 8) bytes to the 
selected address. 


Read Operations 


Sequential—Once past the password acceptance area, 
the host can read sequentially within the originally 
addressed 1K-bit segment of memory. An acknowledge 
must follow each 8-bit data transfer. Afterthe last bit has 
been read a stop condition is generated without a 
preceding acknowledge. 


Random truly random in that the address is supplied 
with the read command. Once past the password and 
first byte has been read another start can be issued 
followed by a new 8-bit address. Note this is an 8-bit 
address allowing random reads only within the original 
block. To access the other blocks a stop must be issued 
followed by a new command address password se- 
quence. 


X76041 


CONFIGURATION OPERATIONS 


These commands work only in conjunction with the 
configuration password. It is envisioned the configura- 
tion is performed solely by the OEM or end distributor of 


Reset Read/Write Passwords 


Resets the current passwords allowing new passwords 
to be entered via the Program Passwords command. 


the equipment or card. Program Configuration Register 
Read and Write Memory Array Provides access to the configuration register for con- 
figuration. 


Allows full read/write capability of the memory array. 


Program Passwords 


Open access for programming the configuration pass- 
words. 


BUS ACTIVITY: 
MASTER 


SDA LINE 


BUS ACTIVITY: 
X76041 


PASSWORD4 = PASSWORD3 =PASSWORD2 ~— PASSWORD 1 PASSWORDO 
Se SSS SS SS WAIT 


DATAO DATA1 DATA2 leet sae 
IF PASSWORD ( \ ¢ \V ¢ \ WAIT 


—_ Te . foo a 
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16K X2816C 2048 x 8 Bit 
5 Volt, Byte Alterable E7PROM 
FEATURES DESCRIPTION 


¢ 90 ns Access Time 
¢ SIMPLE Byte and Page Write 
—Single 5 Volt Supply 
—No External High Voltages or Vpp Control 
Circuits 
—Self Timed 
—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 
High Performance Advanced NMOS Technology 
Fast Write Cycle Times 
—16-Byte Page Write Operation 
—Byte or Page Write Cycle: 5 ms Typical 
—Complete Memory Rewrite: 640 ms Typical 
—Effective Byte Write Cycle Time: 300 us 
Typical 
DATA Polling 
—Allows User to Minimize Write Cycle Time 
JEDEC Approved Byte-Wide Pinout 
High Reliability 
—Endurance: 10,000 Cycles 
—Data Retention: 100 Years 


The Xicor X2816C is a 2K x 8 E2PROM, fabricated with 
an advanced, high performance N-channel floating gate 
MOS technology. Like all Xicor Programmable nonvola- 
tile memories it is a 5V only device. The X2816C 
features the JEDEC approved pinout for byte-wide 
memories, compatible with industry standard RAMs, 
ROMs and EPROMs. 


The X2816C supports a 16-byte page write operation, 
typically providing a 300 us/byte write cycle, enabling 
the entire memory to be written in less than 640 ms. The 
X2816C also features DATA Polling, asystem software 
support scheme used to indicate the early completion of 
a write cycle. 


Xicor E2-PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
SOIC 


X2816C 


V7 
VO 
Vz 
04 
VOz 


3852 FHD F02 
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X2816C 
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Characteristics subject to change without notice 


X2816C 


PIN DESCRIPTIONS 


Addresses (Ap—Ai0) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all 
read/write operations. When CE is HIGH, power con- 
sumption is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


FUNCTIONAL DIAGRAM 


X BUFFERS 
LATCHES AND 
DECODER 


Ago-A10 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGIC 


PIN NAMES 


We Wite nate 
Wee 


Voce 
NC 


3852 PGM T01 
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16,384-BIT 
E2PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


\/Og-l/07 
DATA INPUTS/OUTPUTS 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW 
and WE HIGH. The read operation is terminated by 
either CE or OE returning HIGH. This 2-line control 
architecture eliminates bus contention in a system envi- 
ronment. The data bus will be in a high impedance state 
when either OE or CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X2816C supports both a CE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 5 ms. 


Page Write Operation 


The page write feature of the X2816C allows the entire 
memory to be typically written in 640 ms. Page write 
allows two to sixteen bytes of data to be consecutively 
written to the X2816C prior to the commencement of the 
internal programming cycle. Although the host system 
may read data from any locationinthe system to transfer 
to the X2816C, the destination page address of the 
X2816C should be the same on each subsequent strobe 
of the WE and CE inputs. That is, Aq through Ajo must 
be the same for each transfer of data to the X2816C 
during a page write cycle. 


The page write mode can be entered during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to fifteen bytes in the same 
manner as the first byte was written. Each successive 
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byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 20 ps of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 20 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. The page write window 
is infinitely wide, so long as the host continues to access 
the device within the byte load cycle time of 20 us. 


DATA Polling 


The X2816C features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X2816C, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on I/O7 (i.e., write data = 0xxx 
XxXxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, I/O7 will reflect true data. 


WRITE PROTECTION 


There are three features that protect the nonvolatile data 
from inadvertent writes. 


¢ Noise Protection—A WE pulse which is typically 
less than 10 ns will not initiate a write cycle. 

¢ Vcc Sense—All functions are inhibited when Vcc is 

<3V, typically. — 

Write Inhibit—Holding either OE LOW, WE HIGH, 

or CE HIGH during power-on and power-off, will 

inhibit inadvertent writes. Write cycle timing specifi- 

cations must be observed concurrently. 


ENDURANCE 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. 


X2816C 


SYSTEM CONSIDERATIONS 


Because the X2816C is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and 
eliminate the possibility of contention where multiple I/O 
pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X2816C has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for each 
eight devices employed inthe array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


X2816C 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias Stresses above those listed under “Absolute Maximum 
ROI OC tisasieveouitecinenintiguunnimenkedannst —10°C to +85°C Ratings” may cause permanent damage to the device. 
X2816Cl, X2816CM ..............06. —65°C to +135°C This is a stress rating only and the functional operation of 

Storage Temperature ......................- —65°C to +150°C the device at these or any other conditions above those 

Voltage on any Pin with indicated in the operational sections of this specification is 
Respect to Ground ........... ee —1.0V to +7V not implied. Exposure to absolute maximum rating condi- 

DG. QUO CUNO, ceed citesercctntiatvisupeacmtnatseenees 5 mA tions for extended periods may affect device reliability. 


Lead Temperature (Soldering, 10 Seconds) ......300°C 


RECOMMENDED OPERATING CONDITIONS 


X2816C 5V + 10% 
Industrial 3852 PGM T03 
Military 


3852 PGM T02 
D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 
Limits 
Symbol Parameter | Min. | Typ.) Max. | Test Conditions 
Ic 
IL 


C Vcc Current (Active) 70 110 mA CE =OE=VIL 
All I/O’s = Open 
Other Inputs = Vcc 
| 


IsB1 Vcc Current (Standby) 35 mA CE = Vin, OE = VIL 
Other Inputs = Vcc 


All I/O’s = Open 
tu | InputLeakage Current. [| | | 10 | WA | ViIN=GNDtoVoc 
[wo | Output Leakage Current |_| (| 10 | wA | Vout=GNDto Voc, CE=Vin_ 
[vie [inputlowVoltage [-10| | o8 | Vv | 
[Vin@ [input High Voltage | _2.0 nial 
Sa eA 


| 
24 [|| Vv tow=-400uA 


OL 
Output High Voltage 
3852 PGM T02 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage and are not tested. 
(2) Vi_ min. and Vj max. are for reference only and are not tested. 
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X2816C 


ENDURANCE AND DATA RETENTION 


Parameter | Min, 


Data Retention 


POWER-UP TIMING 


Power-Up to Read Operation 
Power-Up to Write Operation 


3852 PGM T04 
CAPACITANCE Ta = 25°C, f = 1.0 MHz, Vcc = 5V 


Cvol®) Input/Output Capacitance 
Cin(3) Input Capacitance | = 6ti‘dL”tstiF 


A.C. CONDITIONS OF TEST MODE SELECTION 


favtimes | ne 
Fall Times 5ns 
Input and Output ra 
Timing Levels 1.5V 


3852 PGM T06 


3852 PGM T07 


Note: (3) This parameter is periodically sampled and not 100% tested. 


EQUIVALENT A.C. LOAD CIRCUITS 


5.0V 


19230 
Output 
1370Q 100pF 


3852 FHD F22 
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X2816C 


A.C. CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Read Cycle Limits 


Read Cycle 


ADDRESS 


'OLZ 'OHZ 
LZ 
HIGH Z ae 
KNX __SeAvALD XXXXXKX_owavano—) 


DATA I/O XX 


t 
AA 3852 FHD F04 


Notes: (4) tz min., tz, toLz, and toyz are periodically sampled and not 100% tested. tyyz max. and toyz max. are measured from the 
point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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X2816C 


Write Cycle Limits 

X2816C-90 X2816C-12,-15,-20 
Parameter | Min, | Max. | Min, | Max. 
| twos) | Write CycleTime | | tT ft 
| tas | AddressSetupTime | 5 | | Bs 
| tay | AddressHoldTime | 80 | | 100 | Ts 
| tes | ——WriteSetupTime | | | ts 
| itch =| ~—WriteHoldTime | | ts 
| teow | ~~ CEPulsewidth = | 80 | | 00s | Cts 
[toes | OeHighSetupTime ——s || —10~=S«| SS SCi|SCtOSCdTSSC*dCis— 
| tocH | COEHighHoldTime | S| | | ts 
[twe | —~*WePulsewidth =] = 80S] SSS] StS] 
| tweh | _-WEHighRecovery || 50 —*«| S| 80S] SiS 
| tov | Datavalid || 00s | ft] ss 
| tos | iDataSetup | | 
Pp ton | —iDataHold SC] CTC 
| tow | ———DelaytoNextWrite | 10 | 


3852 PGM TO9 


WE Controlled Write Cycle 
ADDRESS KKK KKXXXXXXXXAAD 


NNNNNN Mill ‘WT 


ic 


een 
1 af ND 


DATAIN OOA000.06 RCT 05602050567 RXXXXXXX)- 
tos 'DH 
Dama OUT Xn 


3852 FHD F05 


Notes: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. For faster two, please refer to X28C16 and 
X28HC 16 product data sheets. 
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X2816C 


CE Controlled Write Cycle 


two 
ADDRESS SE ED UCC 
tas TAH 


tow 


TT _ 7 My A 


NANA “mt. EE 


paTaIN. XXKXXKKXKKXKKKXOK —__ATAVALIO. KX KKK AXKXKKKXK 


HIGH Z 


DATA OUT 


3852 FHD FO6 


Page Mode Write Cycle 


mana XOX OX OK OCX SOX *| COAX 


BYTE 0 BYTE 1 BYTE 2 BYTE BYTE n+1 BYTE n+2 


two 


*For each successive write within the page write operation, A4g—Aj9 should be the same or 


writes to an unknown address could occur. 
3852 FHD F07 


Notes: (6) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(7) The timings shown above are unique to page write operations. Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 
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X2816C 


DATA Polling Timing Diagram” 


io ¢,0, 0,0, GEC 00,00, GE 00,010,000, 


Note: (10) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


3852 FHD F08 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 


is High 
Impedance 


X2816C 


Normalized Active Supply Current Normalized Standby Supply Current 
vs. Ambient Temperature vs. Ambient Temperature 


oO co 
a D 
a a 
LU LU 
N N 
= = 
< < 
= = 
oc 

O 
< S 


+125 . +125 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
3852 FHD FO9 3852 FHD F10 


Normalized Access Time 
vs. Ambient Temperature 


—_ 
Nh 


NORMALIZED Ty 


+125 


AMBIENT TEMPERATURE (°C) 
3852 FHD F11 
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NOTES 
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Advance Information 


16K X28C16 2K x 8 Bit 
5 Volt, Byte Alterable E7PROM 
FEATURES DESCRIPTION 


¢ 150 ns Access Time 
¢ SIMPLE Byte and Page Write 
—Single 5 Voit Supply 
—No External High Voltages or Vpp Control 
Circuits 
—Self Timed 
—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 
Low Power CMOS 
—40 mA Active Current Max. 
—200 yA Standby Current Max. 
Fast Write Cycle Times 
—64-Byte Page Write Operation 
—Byte or Page Write Cycle: 2 ms Typical 
—Complete Memory Rewrite: 0.1 Sec. Typical 
—Effective Byte Write Cycle Time: 32 us Typical 
¢ Software Data Protection 
End of Write Detection 
—DATA Polling 
—Toggle Bit 
High Reliability 
—Endurance: 10,000 Cycles 
—Data Retention: 100 Years 
¢ JEDEC Approved Byte-Wide Pinout 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
SOIC 


1 
X28C16 


3851 FHD F02 


The X28C16 is an 2K x 8 E?PROM, fabricated with 
Xicor’s proprietary, high performance, floating gate 
CMOS technology. Like all Xicor programmable non- 
volatile memories the X28C16 is a 5V only device. The 
X28C16 features the JEDEC approved pinout for byte- 
wide memories, compatible with industry standard RAMs. 


The X28C16 supports a 64-byte page write operation, 
effectively providing a 32us/byte write cycle and enabling 
the entire memory to be typically written in 0.1 seconds. 
The X28C16 also features DATA and Toggle Bit Polling, 
a system software support scheme used to indicate the 
early completion of a write cycle. In addition, the X28C16 
includes a user-optional software data protection mode 
that further enhances Xicor’s hardware write protect 
Capability. 


Xicor E7PROMS are designed and tested for applications 
requiring extended endurance. Inherent data retention is 
greater than 100 years. 


X28C16 


3851 FHD FO3 


© Xicor, 1991 Patents Pending 
3851-1 
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Characteristics subject to change without notice 


X28C16 


PIN DESCRIPTIONS 


Addresses (Ap—Aj9) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


PIN NAMES 


NC 


3851 PGM TO1 


FUNCTIONAL DIAGRAM 


X BUFFERS 
LATCHES AND 
DECODER 


Ag-Ai0 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


Data In/Data Out (I/O)—1/07) 

Data is written to or read from the X28C16 through the 
I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28C16. 


16.384-BIT 
E2PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


Na ee 
VOp-/O7 
DATA INPUTS/OUTPUTS 
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X28C16 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28C 16 supports both a CE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 2 ms. 


Page Write Operation 


The page write feature of the X28C16 allows the entire 
memory to be written in 0.25 seconds. Page write allows 
two to sixty-four bytes of data to be consecutively written 
to the X28C 16 prior to the commencementof the internal 
programming cycle. The host can fetch data from an- 
other location within the system during a page write 
operation (change the source address), but the page 
address (Ag through Ajo) for each subsequent valid 
write cycle to the part during this operation must be the 
same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 us of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 
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continues to access the device within the byte load cycle 
time of 100 us. 


Write Operation Status Bits 


The X28C16 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


RESERVED 


TOGGLE BIT 


DATA POLLING 
3851 FHD F11 


DATA Polling (1/O7) 


The X28C16 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28C16, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on |/O7 (i.e. write data = Oxxx 
xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. Note: If the 
X28C16 is in the protected state and an illegal write 
operation is attempted DATA Polling will not operate. 


Toggle Bit (I/Og) 


The X28C16 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


X28C16 


DATA Polling I/O7 


Figure 2. DATA Polling Bus Sequence 


VIH 


I OU cs C0 ac ae ae | S 
_ sey 
m Xm XO XO KY 


3851 FHD F12 


Figure 3. DATA Polling Software Flow 


DATA Polling can effectively halve the time for writing to 
the X28C16. The timing diagram in Figure 2 illustrates 


Witte DATA the sequence of events on the bus. The software flow 
diagram in Figure 3 illustrates one method of implement- 
ing the routine. 

WRITES 


COMPLETE? 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 
107 
COMPARE? 

YES 


X28C 16 
READY 
3851 FHD F13 
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X28C16 


The Toggle Bit I/O, 
Figure 4. Toggle Bit Bus Sequence 


—YOH HIGH Z 
VOL X28C16 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 


LAST WRITE 
LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


X28C016 
READY 


3851 FHD F15 
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READY 


3851 FHD F14 


The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28C16 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 4 illustrates the sequence of events on 
the bus. The software flow diagram in Figure 5 illustrates 
a method for testing the Toggle Bit. 


X28C16 


HARDWARE DATA PROTECTION 


The X28C16 provides three hardware features (com- 
patible with X2816C) that protect nonvolatile data from 
inadvertent writes. 


* Noise Protection—A WE pulse typically less than 20 
ns will not initiate a write cycle. 

* Default Vcc Sense—All write functions are inhibited 
when Vcc is <3V typically. a 

¢ Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28C 16 offers a software controlled data protection 
feature. The X28C16 is shipped from Xicor with the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 
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The X28C16 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C16 is 
also protected from inadvertent and accidental writes in 
the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data*. Once the page load cycle has been completed, 
the device will automatically be returned to the data 
protected state. 

Note: *Oncethe three byte sequence is issued it must be 
followed by a valid byte or page write operation. 
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Figure 6. Timing Sequence for Software Data Protection — 
Byte or Page Write 


a ani 


DATA AA WRITE 


t 
ADDRESS _ 555 WC PROTECTED 


WRITES 
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Figure 7. Write Sequence for Software Data 
Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATA AA algorithm is used and data has been written, the X28C16 
TO ADDRESS will automatically disable further writes unless another 
555 ‘_ 

command is issued to cancel it. If no further commands 
are issued the X28C16 will be write protected during 


power-down and after any subsequent power-up. 
WRITE DATA55 TO 
ADDRESS 2AA Note: Once initiated, the sequence of write operations 


should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 555 


BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 
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Resetting Software Data Protection 
Figure 8. Reset Software Data Protection Timing Sequence 


Voc 


DATA AA 80 AA 55 
ADDRESS 5555 5555 5555 2AAA 


Figure 9. Software Sequence to Deactivate 
Software Data Protection 


STANDARD 
20 OPERATING 
5555 MODE 


[_—— 
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In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 


WRITE DATA AA an EPROM programmer, the following six step algo- 


TO ADDRESS 
5555 


Note: 
WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 00 
TO ADDRESS 
5555 
3851 FHD F19 
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rithm will reset the internal protection circuit. After twc, 
the X28C16 will be in standard operating mode. 


*Once initiated, the sequence of write opera- 
tions should not be interrupted. 


*It should also be noted, the Reset SDP opera- 
tion performs a device "program" operation; 
whereby all bytes are written to OO[H]. 
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SYSTEM CONSIDERATIONS 


Because the X28C 16 is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple I/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28C16 has two power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


X28C16 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


PO UG sirttenyeansteeticanieeeeaoeavonts —10°C to +85°C 

X28C16l, X28C16M .........cc0.0+005- —65°C to +135°C 
Storage Temperature ......... ee. —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ....................0. —1.0V to +7.0V 
DC. QUI DUE Cun ONE ccaivacenuirvenrmad cacencshicbernivtcseusnab 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ..................::::c2cceee 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 


Industrial 
Military 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a Stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
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D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified) 


Symbol 
Vcc Current (Active) 
IsB1 Vcc Current (Standby) 
(TTL Inputs) 


(TTL Inputs) 
IsB2 Vcc Current (Standby) 0 
(CMOS Inputs) 


ILo 


Input Leakage Current 


é 
| 

Input Low Voltage 
Input High Voltage | 20 
Output Low Voltage |” 
Output High Voltage 


Typ.(1) 


| =k 
O}O 


< 
oo) 


15 
1 
10 
OutputLeakage Current [| 
a0 [| 
20 | 
—. 
24 | 


-) 
aN 
<= 


Test Conditions 


CE = OE = Vi, WE = Vin, All 
|/O’s = Open, Address Inputs = 
0.4V/2.4V Levels @ f = 5MHz 
CE = Vin, OE = Vit 
All 1/O’s = Open, Other Inputs = Vin 
CE = WE = Vcc — 0.3V 

All I/O’s = Open, 

Other Inputs = Don’t Care 


Vin = GND to Vcc 

Vout = GND to Vcc, CE = Vin 
lo. = 2.1 MA 

loH = —400 LA 


3851 PGM T02 


4 
a 
20 
+ 
+1 


0 
0 
cc + 1. 


ssis55 5 8 35 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage and are not tested. 
(2) Vi_ min. and Viy max. are for reference only and are not tested. 
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ENDURANCE AND DATA RETENTION 


Parameter 


Cycles/Byte 
Data Retention 


3851 PGM T03 


POWER-UP TIMING 


Power-up to Read Operation 


Power-up to Write Operation 


Input and Output 
Timing Levels 1.5V 


3851 PGM T06 


| WE 
Write Active 
Write Inhibit 
PX | t | xX | Write inhibit [ 
| H_ | Writeinhibit |] — | — 


EQUIVALENT A.C. LOAD CIRCUIT SYMBOL TABLE 


3851 PGM T07 


WAVEFORM INPUTS OUTPUTS 
5.0V 


1923Q 
Output 
1370Q 100pF 


Must be Will be 
steady steady 


May change Will change 
from Low to from Low to 


High High 


May change Will change 
from High to from High to 
Low Low 


Don't Care: Changing: 
Changes State Not 
Allowed Known 


Center Line 
N/A is High 
Impedance 


3851 FHD F20 


Note: (3) This parameter is periodically sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified.) 


X28C16-15 | X28C16-20 


Read Cycle Limits 


|tac | -ReadCycleTime | 150 | 
"toe | Chip Enable Access Time ——*+|—_—+| 150 
ta [Address Access Time ——=SSS*dSSC*d;«SO 
"tos | Output Enable Access Time ——=«t—S*d 70 
of 
of 
[50 
[50 
oT 


toH 


3856 PGM T08 


Read Cycle 


ADDRESS 


‘oz 'OHZ 
Z _ 
oxravo MH? 40 GEN ND 0000000, GCC 


TAA 


3851 FHD FO5 


Notes: (4) tLz min.,tyz, to_z min., and toyz are periodically sampled and not 100% tested. tyz max. and toyz max. are measured, with 
C. = 5pF, from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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WRITE CYCLE LIMITS 
[Symbol | ‘Parameter 
Write Cycle Time 

Address Setup Time 


| tan Address Hold Time 
| tes Write Setup Time 
| tcH Write Hold Time 


tas 
tcs 
tcH 
tcw 
tov 
tow 


[we | WE Pulse Width 
[toy | ataVaid 
[tos data Setup 
[toni ata Hod 
[tow | Delay toNewt Write 
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WE Controlled Write Cycle 


two 


pooness “XX KKKKKXXRRY 
=—'cs “ ICH 
AWAY MLLLL Lf 


1 [af RO 


SO 


'DV aceon 
XXKXKXKOK _wravatio_XKXXXKY AXXKKXKK) 
tps tbH 
DATA OUT X x X x X X X x SSS ee 
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Notes: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
(6) twPu is the normal page write operation WE recovery time. 
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CE Controlled Write Cycle 


ADDRESS SE ED NON VNN NOOO. 


iow 


toes 


«= TTT — | SAVY ANY 


me W\\\\ “ WITT 
onrain KRYXXKKKKRXXKKKRK _ewravaulo XXX KKK 


HIGH Z 
DATA OUT 3851 FHD FO7 


Page Write Cycle 


XX FX IK > FX TTR 


a a C507: 


BYTE 0 BYTE 1 BYEZ BYTE n BYTE n+1 BYTE n+2 


twe 
*For each successive write within the page write operation, Ag—A, 9 should be the same or 
writes to an unknown address could occur. 3851 FHD FO08 


Notes: (7) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(8) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(9) 


appress Ay XXX tn XK AXA XXX 


'bw 


Din=X 


3851 FHD FO9 


- 
tow 


* 


1 


* Starting and ending state of I/Og will vary, depending upon actual two. 
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Note: (9) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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iL 
Advance Information ® 


16K X28HC16 2K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES DESCRIPTION 
¢ 55 ns Access Time The X28HC16 is an 2K x 8 E2PROM, fabricated with 
¢ SIMPLE Byte and Page Write Xicor’s proprietary, high performance, floating gate 
—Single 5 Volt Supply CMOS technology. Like all Xicor programmable non- 
—No External High Voltages or Vpp Control volatile memories the X28HC16 is a5V only device. The 
Circuits X28HC 16 features the JEDEC approved pinout for byte- 
—Self Timed wide memories, compatible with industry standard RAMs. 


—No Erase Before Write The X28HC16 supports a 64-byte page write operation, 


—No Complex Programming Algorithms effectively providing a 32 1s/byte write cycle and enabling 
—No Overerase Problem the entire memory to be typically written in 0.1 seconds. 
¢ Low Power CMOS The X28HC 16 also features DATA Polling and Toggle Bit 
—40 mA Active Current Max. Polling, two methods providing early end of write detec- 
—200 L.A Standby Current Max. tion. In addition, the X28HC16 includes a user-optional 
¢ Fast Write Cycle Times software data protection mode that further enhances 
—64-Byte Page Write Operation Xicor’s hardware write protect capability. 
—Byte or Page Write Cycle: 2 ms Typical 
—Complete Memory Rewrite: 0.1 Sec. Typical Xicor E7PROMs are designed and tested for applications 
—Effective Byte Write Cycle Time: 32 us Typical requiring extended endurance. Inherent data retention is 
¢ Software Data Protection greater than 100 years. 
¢ End of Write Detection 
—DATA Polling 
—Toggle Bit 
¢ High Reliability 


—Endurance: 10,000 Cycles 
—Data Retention: 100 Years 
e JEDEC Approved Byte-Wide Pinout 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
SOIC 


8 
i) oe X28HC16 


6 19 
X28HC16 
i 18 
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PIN DESCRIPTIONS 


Addresses (Ap—Ajo) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O9—1/O7) 

Data is written to or read from the X28HC16 through the 
1/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28HC16. 


FUNCTIONAL DIAGRAM 


DECODER 


Ao-A10 
ADDRESS 
INPUTS 
Y BUFFERS 
LATCHES AND 
DECODER 
ve CONTROL 
OE LOGIC AND 
ve TIMING 


X BUFFERS 
LATCHES AND 


PIN NAMES 


OE 
Voc 
C 


Wes 
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16,384-BIT 
E2PROM 
ARRAY 


/O9-VO7 
DATA INPUTS/OUTPUTS 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28HC16 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
2 ms. 


Page Write Operation 


The page write feature of the X28HC16 allows the entire 
memory to be written in 0.25 seconds. Page write allows 
two to sixty-four bytes of data to be consecutively written 
to the X28HC16 prior to the commencement of the 
internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through Ajo) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 is of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
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write window is infinitely wide, so long as the host 
continues to access the device within the byte loadcycle 
time of 100 us. 


Write Operation Status Bits 


The X28HC16 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


PAE IE EAS 
| RESERVED 

TOGGLE BIT 

DATA POLLING 
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DATA Polling (1/07) 


The X28HC16 features DATA Polling as a method to 
indicate to the host system that the byte write or page 


write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28HC16, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on |/O7 (i.e. write data = 0xxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, !/O7 will reflect true data. 


Toggle Bit (I/O) 


The X28HC 16 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle I/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 
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DATA POLLING I/O, 
Figure 2. DATA Polling Bus Sequence 


VIH 


ee OS ae OO 2 ce ee | =F 
aX KK XO” 
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Figure 3. DATA Polling Software Flow 
DATA Polling can effectively reduce the time for writing 


to the X28HC16. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 


flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


107 
COMPARE? 


YES 


X28HC16 
READY 
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THE TOGGLE BIT I/O, 
Figure 4. Toggle Bit Bus Sequence 


——-YOH HIGH Z 
VOL X28HC16 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Fiow 


LAST WRITE 
LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


X28HC16 
READY 
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READY 


3861 FHD F14 


The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28HC16 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 4 illustrates the sequence of events on 
the bus. The software flow diagram in Figure 5 illustrates 
a method for testing the Toggle Bit. 
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HARDWARE DATA PROTECTION 


The X28HC16 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


¢ Default Vcc Sense—All write functions are inhibited 
when Vcc is <8V typically. 

- Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28HC16 offers a software controlled data protec- 
tion feature. The X28HC16 is shipped from Xicor with 
the software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28HC16 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
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ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This Circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28HC16 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data. Once the page load cycle has been completed, the 
device will automatically be returned to the data pro- 
tected state. 


X28HC16 


Figure 6. Timing Sequence for Software Data Protection — 


Figure 7. 


Byte or Page Write 


Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
555 


WRITE DATA 55 
TO ADDRESS 2AA 


WRITE DATA AO 
TO ADDRESS 555 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE.TO 
LAST ADDRESS 


AFTER twc 
RE-ENTERS DATA 
PROTECTED STATE 


BYTE/PAGE 
LOAD ENABLED 


OPTIONAL BYTE 
OR PAGE WRITE 
ALLOWED 
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WRITES WRITE 
two PROTECTED 


3861 FHD F16 


Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm is used, the X28HC16 will automatically dis- 
able further writes unless another command is issued to 
deactivate it. If no further commands are issued the 
X28HC16 will be write protected during power-down 
and after any subsequent power-up. 


Note: Once initiated, the sequence of write operations 
should not be interrupted. 
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RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


Voc 


DATA AA 55 80 AA 55 
ADDR 1555 OAAA 1555 1555 OAAA 


4 


Figure 9. Software Sequence to 
Deactivate Software Data Protection 


WRITE DATAAA 


STANDARD 
OPERATING 
MODE 


———— 


3861 FHD F18 


In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
an E2PROM programmer, the following six step algo- 


TO ADDRESS rithm will reset the internal protection circuit. After twc, 
1555 the X28HC16 will be in standard operating mode. 


Note: 


WRITE DATA55 
TO ADDRESS 
OAAA 


WRITE DATA 80 
TO ADDRESS 
1555 


WRITE DATA AA 
TO ADDRESS 
1555 


WRITE DATA 55 
TO ADDRESS 
OAAA 


WRITE DATA 00 
TO ADDRESS 
1555 


3861 FHD F19 
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Once initiated, the sequence of write operations 
should not be interrupted. 


It should also be noted, the Reset SDP opera- 
tion performs a device “program” operation; 
whereby all bytes are written to OO[H]. 
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SYSTEM CONSIDERATIONS 


Because the X28HC 16 is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple I/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28HC16 has two power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 wF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


POETS wintdccaaicsuvsuiecianadeduosaciesawnss —10°C to +85°C 

X28HC161, X28HC16M .............. —65°C to +135°C 
Storage Temperature ...............ccc008 —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground .....................0 —1.0V to +7.0V 
DC. Output CUNTeIh .«.iéiiecsevesncseiicsssviasiukarsecduievasye 5 mA 
Lead Temperature 

(Soldering, 10 Seconds)... 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


Industrial 
Military 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X28HC16 5V+10% 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Parameter 


Voc Current (Active) 
(TTL Inputs) 


Voc Current (Standby) 
(TTL Inputs) 

Voc Current (Standby) 
(CMOS Inputs) 


Input High Voltage 
Output Low Voltage 
Output High Voltage 


Typ.) | Max. | Test Conditions 


CE = OE = Vi, WE = Vjy, All 

|/O’s = Open, Address Inputs = 
TTL Levels @ f = 10 MHz 

CE = Vin, OE = Vi 

All I/O’s = Open, Other Inputs = Vjy 
CE = Voc — 0.3V, OE = GND 

All 1/O’s = Open, Other Inputs = 


3861 PGM T04 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage 
(2) Vi_ min. and Viy max. are for reference only and are not tested. 
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ENDURANCE AND DATA RETENTION 


10,000 Cycle s/Byte 
Data Retention 0 


POWER-UP TIMING 


Power-up to Write Operation 


3861 PGM T06 
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CAPACITANCE Ta, = 25°C, f= 1.0 MHz, Voc = 5V 


Input/Output Capacitance Vio = OV 
input Capacitance 6 | pF | CV=0V 
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A.C. CONDITIONS OF TEST MODE SELECTION 


Input Pulse Levels OV to 3.0V 
Input Rise and 
Fall Times 5 ns 
Input and Output 
Timing Levels 1.5V 


tandby and High Z 
Write Inhibit 


Write Inhibit 
Write Inhibit 


SYMBOL TABLE 


O 
* 
op 


Standby 
as 
ar 
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WAVEFORM INPUTS OUTPUTS 


Must be Will be 
steady steady 


May change Will change 
from Low to from Low to 
High High 


May change Will change 
from High to from High to 
Low Low 


Don't Care: Changing: 
Changes State Not 
Allowed Known 
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Center Line 
N/A is High 


Note: (3) This parameter is periodically sampled and not 100% tested. Impedance 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read Cycle Limits 


symbol Parameter _——_—_| Min. [Max. | Min. | Max. | Min. | Max. | Min. | Max. 
tac | ReadCycleTime —s——s'|| 85 | =| 70 | =| 90 | 120] | | 
“tor | Chip Enable AccessTime | | 55 | | 70 | | 90 | | 120 
(taa | Address AccessTime | | 65 | | 70 | | 90 | ‘| 120| ns 
(toe | Output Enable Access Time |_| 30 | | 35 | | 40 | | 50 | ns __ 
tiz4) | CELowtoActive Output =| 0 | | o | | o | | 0] | ns | 
~toiz | OELowto Active Output | 0 | | o |]  |o | |oj| | ns 
Se a ne 
tow | OEHightoHighZ Output [| 30 | 0 | 30 | | 30_ 
ree SPT PP rt 
Address Change 


3856 PGM T10 


Read Cycle 


ADDRESS 


DATA l/O (XK) DATA VALID” DATA VALID a0 000) GC DATA VALID 


TAA 


3861 FHD FO5 


Notes: (4) tLz min., tyz, toLz min., and toyz are periodically sampled and not 100%. tyz max. and toyz max. are measured from the point 
when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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WRITE CYCLE LIMITS 


Write Setup Time 
Write Hold Time 


OE High Setup Time 


OE High Hold Time 


3861 PGM T11 
WE Controlled Write Cycle 
two 


aooress YX _|_ XXXXXXXXXXXKXXKKKY 
NNANNN “W777 


tc 


a 
TT sp RN 


ae 


tov 
ae 
TT OXXXKKXOK _PATAVALIO. KX XXX KKXXKKKXY— 
tos 'DH 
DATA OUT OOO OO 


3861 FHD FO6 


Notes: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
(6) twpeH and tpw are periodically sampled and not 100% tested. 
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X28HC16 


CE Controlled Write Cycle 


ADDRESS OXY 


tow 


toes 


Ty SU EA AANNNNY/ ANN 


t t 


With ~ WT 
oatan, XXXKXKXKXKXKKKKKK Baran —__ XXX AK 


HIGH Z 
DATA OUT 
3861 FHD F07 


Page Write Cycle 


— xX xX X JK XX] [RX 


a Ga C507: 


BYTE 0 BYTE 1 Brie2 BYTED BYTE n+1 BYTE n+2 


‘we 
“For each successive write within the page write operation, Ag—A;9 should be the same or 
writes to an unknown address could occur. 


3861 FHD F08 


Notes: (7) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(8) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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X28HC16 


DATA Polling Timing Diagram 


apress An XK AXA An XXX 


3861 FHD FO9 


* 


two —_ee_e_— fe 


* |/Og beginning and ending state will vary, depending upon actual tw. 
6 WC 


3861 FHD F10 


Note: (9) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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X28HC16 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28HC16 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
2 ms. 


Page Write Operation 


The page write feature of the X28HC16 allows the entire 
memory to be written in 0.25 seconds. Page write allows 
two to sixty-four bytes of data to be consecutively written 
to the X28HC16 prior to the commencement of the 
internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through Ajo) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 us of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
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write window is infinitely wide, so long as the host 
continues to access the device within the byte load cycle 
time of 100 us. 


Write Operation Status Bits 


The X28HC16 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


i RS i SAREE EIEES 


RESERVED 
TOGGLE BIT 


DATA POLLING 
3861 FHD F11 


| 


DATA Polling (1/07) 


The X28HC16 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28HC16, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on 1/O7 (i.e. write data = 0xxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. 


Toggle Bit (I/O) 


The X28HC 16 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


64K X28C64 8K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES DESCRIPTION 
¢ 150 ns Access Time The X28C64 is an 8K x 8 E*PROM, fabricated with 
¢ SIMPLE Byte and Page Write Xicor’s proprietary, high performance, floating gate 
—Single 5 Volt Supply CMOS technology. Like all Xicor programmable non- 
—No External High Voltages or Vpp Control volatile memories the X28C64 is a 5V only device. The 
Circuits X28C64 features the JEDEC approved pinout for byte- 
—Self Timed wide memories, compatible with industry standard RAMs. 
—No Erase Before Write The X28C64 supports a 64-byte page write operation, 
—No Complex Programming Algorithms effectively oui a78 pa hee Waeees arencine 
—No Overerase Problem the entire memory to be typically written in 0.625 seconds. 
e¢ Low Power CMOS The X28C64 also features DATA and Toggle Bit Polling, 
—60 mA Active Current Max. a system software support scheme used to indicate the 
—200 L.A Standby Current Max. early completion of a write cycle. In addition, the X28C64 
* Fast Write Cycle Times includes a user-optional software data protection mode 
—64-Byte Page Write Operation that further enhances Xicor’s hardware write protect 

—Byte or Page Write Cycle: 5 ms Typical capability. 


—Complete Memory Rewrite: 0.625 Sec. Typical 
—Effective Byte Write Cycle Time: 78 us Typical Xicor E7PROMSs are designed and tested for applications 


¢ Software Data Protection requiring extended endurance. Inherent data retention is 
¢ End of Write Detection greater than 100 years. 

—DATA Polling 

—Toggle Bit 
¢ High Reliability 


—Endurance: 100,000 Cycles 
—Data Retention: 100 Years 
¢ JEDEC Approved Byte-Wide Pinout 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
FLAT PACK 
SOIC 


PGA 


BOTTOM VIEW 
3853 FHD F04 


3853 FHD F02 


© Xicor, 1991 Patents Pending 3-45 Characteristics subject to change without notice 
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X28C64 


PIN DESCRIPTIONS 


Addresses (Ajp—Aj2) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


PIN NAMES 


Description 


3853 PGM T01 


FUNCTIONAL DIAGRAM 


X BUFFERS 


LATCHES AND 


DECODER 
Ao-A12 
ADDRESS 
INPUTS 


Y BUFFERS 


LATCHES AND 


DECODER 


CONTROL 
LOGIC AND 
TIMING 
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Data In/Data Out (I/O 9—1/O07) 

Data is written to or read from the X28C64 through the 
I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28C64. 


65,536-BIT 
E2PROM 
ARRAY 


1/(O BUFFERS 
AND LATCHES 
ee 


9-07 
DATA INPUTS/OUTPUTS 
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X28C64 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28C64 supports both a CE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 5 ms. 


Page Write Operation 


The page write feature of the X28C64 allows the entire 
memory to be written in 0.625 seconds. Page write 
allows two to sixty-four bytes of data to be consecutively 
written to the X28C64 prior to the commencement of the 
internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through A;2) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 us of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 
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continues to access the device within the byte load cycle 
time of 100 us. 


Write Operation Status Bits 


The X28C64 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


RESERVED 
TOGGLE BIT 


DATA POLLING 
3853 FHD F11 


DATA Polling (1/O7) 


The X28C64 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28C64, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on I/O7 (i.e. write data = 0xxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. Note: If the 
X28C64 is in the protected state and an illegal write 
operation is attempted DATA Polling will not operate. 


Toggle Bit (I/Og.) 


The X28C64 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


X28C64 


DATA Polling 1/07 


Figure 2. DATA Polling Bus Sequence 


VIH 


Lao OF 
a AAD 
An An An An An 
ES GP GS GE Re | ME es 
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Figure 3. DATA Polling Software Flow 


DATA Polling can effectively halve the time for writing to 
the X28C64. The timing diagram in Figure 2 illustrates 
the sequence of events on the bus. The software flow 


WRITE DATA badd 
diagram in Figure 3 illustrates one method of implement- 
ing the routine. 
WRITES 


COMPLETE? 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 
107 
COMPARE? 

YES 


X28C64 
READY 


3853 FHD F13 
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X28C64 


The Toggle Bit I/O, 
Figure 4. Toggle Bit Bus Sequence 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 


LAST WRITE 
LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


3853 FHD F15 


HIGH Z 


X28C64 
READY 
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The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28C64 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 4 illustrates the sequence of events on 
the bus. The software flow diagram in Figure 5 illustrates 
a method for testing the Toggle Bit. 
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X28C64 


HARDWARE DATA PROTECTION 


The X28C64 provides three hardware features (com- 
patible with X2864A) that protect nonvolatile data from 
inadvertent writes. 


* Noise Protection—A WE pulse typically less than 20 
ns will not initiate a write cycle. 

* Default Vcc Sense—All write functions are inhibited 
when Vcc is <3V typically. 

* Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28C 64 offers a software controlled data protection 
feature. The X28C64 is shipped from Xicor with the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 
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The X28C64 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C64 is 
also protected from inadvertent and accidental writes in 
the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data*. Once the page load cycle has been completed, 
the device will automatically be returned to the data 
protected state. 


Note: *Once the three byte sequence is issued it must be 
followed by a valid byte or page write operation. 


X28C64 


Software Data Protection 
Figure 6. Timing Sequence—Byfte or Page Write 


KS ze 


DATA AA AO 


WRITE 
ADDRESS 1555 1555 2 PROTECTED 


3853 FHD F16 


Figure 7. Write Sequence for Software Data 

Protection 

Regardless of whether the device has previously been 

WAAE DETAAL protected or not, once the software data protection 
TO ADDRESS algorithm is used and data has beenwritten, the X28C64 

1555 will automatically disable further writes unless another 

command is issued to cancel it. If no further commands 

are issued the X28C64 will be write protected during 

WRITE DATA 55 power-down and after any subsequent power-up. 


TO ADDRESS a 
OAAA Note: Once initiated, the sequence of write operations 


should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 
1555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER twc 
RE-ENTERS DATA 
PROTECTED STATE 


3853 FHD F17 
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Resetting Software Data Protection 
Figure 8. Reset Software Data Protection Timing Sequence 


Voc 


STANDARD 


DATA AA 55 OPERATING 
ADDRESS _ 5555 2AAA MODE 
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Figure 9. Software Sequence to Deactivate 
Software Data Protection 
In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
paisa iteatlaiy an E2PROM programmer, the following six step algo- 
1555 rithm will reset the internal protection circuit. After twc, 
the X28C64 will be in standard operating mode. 


Note: Once initiated, the sequence of write opera- 
WRITE DATA55 P 
TO ADDRESS tions should not be interrupted. 


OAAA It should also be noted, the Reset SDP opera- 


tion performs a device “program” operation; 


WRITE DATA 80 whereby all bytes are written to OO[H]. 


TO ADDRESS 
1555 


WRITE DATA AA 
TO ADDRESS 
1555 


WRITE DATA 55 
TO ADDRESS 
OAAA 


WRITE DATA 00 
TO ADDRESS 
1555 


3853 FHD F19 


3-52 


X28C64 


Saannnnnnnr renee errr eeeeeee rere eee SS SSS SS SSS SS 


SYSTEM CONSIDERATIONS 


Because the X28C64 is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple I/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 
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Because the X28C64 has two power modes, standby 
and active, proper decoupling of the memory array is of 
prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency Ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


X28C64 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


RBC, criisnadr oi saveinatiiancenteeiaietedes —10°C to +85°C 

X28C64l, X28C64M ..............0.... —65°C to +135°C 
Storage Temperature ..................06. —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ...............:::::00 —1.0V to +7.0V 
DD, CoOUPUT CUTE: wsiiscnsensescnveivnisinnontiaononsoeerencds 5 mA 
Lead Temperature 

(Soldering, 10 Seconds)..............ccccceeeeee 300°C 


RECOMMENDED OPERATING CONDITIONS 


Vcc Current (Active) 
(TTL Inputs) 
IsB1 Vcc Current (Standby) 
ia (TTL Inputs) 
IsB2 Vcc Current (Standby) 
(CMOS Inputs) 


Iu | Input Leakage Current 


ILo Output Leakage Current 


| 
Output Low Voltage 


lec 
LI 
Input High Voltage 
OL a 
Output High Voltage 


—— 

We inputLow Voltage | 10 | 
) a 
— 

aa 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X28C64 5V+10% 


CE = OE = Vit, WE = Vin, All 
I/O’s = Open, Address Inputs = 
0.4V/2.4V Levels @ f = 5MHz 
CE = Vin, OE = Vit 
All 1/O’s = Open, Other Inputs = Vin 
CE = WE = Vcc — 0.3V 
All I/O’s = Open, 

Other Inputs = Don’t Care 


3853 PGM T02 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage and are not tested. 
(2) Vi_ min. and Viy max. are for reference only and are not tested. 
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ENDURANCE AND DATA RETENTION 


ee 
Data Retention 


3853 PGM T03 
POWER-UP TIMING 


Symbol Typ [Units 
Power-up to Read Operation 
Power-up to Write Operation 


CAPACITANCE Ty, = 25°C, f = 1.0 MHz, Vcc = 5V 


Input/Output Capacitance 
Input Capacitance 


3853 PGM T04 


max. [units [Test Conditions 
ee 
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MODE SELECTION 


OV to 3.0V 


3853 PGM T06 


WE | Mode | 0 | 

HH | Read | Dour | Active 

i 
Write Inhibit 

x | Write inhibit [| 

PH | Write innit [sf 


EQUIVALENT A.C. LOAD CIRCUIT SYMBOL TABLE 


3853 PGM T07 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
steady steady 


May change Will change 
from Low to from Low to 
High High 


May change Will change 


13702 100pF Lei: eee 


Don’t Care: Changing: 
Changes State Not 
Allowed Known 


Center Line 
N/A is High 
3853 FHD F20 Impedance 


Note: (3) This parameter is periodically sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified.) 


Read Cycle Limits 


Read Cycle Time 


ton 


Read Cycle 


'OLZ 1OHZ 
Lz 
) 


carve, HoH 10) QREXRCEIND N00 


TAA 


3853 FHD FO5 


Notes: (4) tLz min.,tyz, toLz min., and toyz are periodically sampled and not 100% tested. t}yz max. and toyz max. are measured, with 
C= 5pF, from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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WRITE CYCLE LIMITS 


Symbol 
Write Cycle Time 
Address Setup Time 
Address Hold Time 100 
Write Setup Time 
Write Hold Time 
CE Pulse Width 100 
twe | 
DV | 
DS 
DH 
DW 


Min.(7) Typ.(1) 


= 
= 
” 


a = —) So | Sl 
NINN AINININININININ 


= 


= 
“we (| SWE Pulse With «| ~—~—*t0 


=) 


xk: | cok 
oO}; O 


n 


Data Valid 


0 
1 
0 


0 
5 


= | = 


WE Controlled Write Cycle 


US 


3853 PGM T09 


=) 


=e 
O!1O 


1 100 


pooness XXX KKK 
Th “WH 

es 
a SU AAANAUNANY 


twp 


oa KXXEKKKK Parvati XK ARKH) 
'Ds ‘DH 
DATA OUT OO) oor HIGH Z 


3853 FHD F06 


Notes: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 

(6) twpH is the normal page write operation WE recovery time. twpy2 is the WE recovery time needed only after the end of issuing 
the three byte SDP command sequence and before writing the first byte of data to the array. Refer to Figure 6 which illustrates 
the twpH2 requirement. 

(7) For Faster two and tgic times, refer to X28HC64. 
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CE Controlled Write Cycle 
two 
ADDRESS CS ED COCCI 
tas tAH 


‘cw 


= ia 
TTTTL} TAY 


S ICH 
Wh WITT 
TYR KKK RXR aravario XXX KKK 


HIGH Z 
DATA OUT 
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Page Write Cycle 


aooness® XX XK XX TAR 


a ae Cor 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 


‘we 
“For each successive write within the page write operation, Ag—A42 should be the same or 
writes to an unknown address could occur. 
3853 FHD F08 


Notes: (8) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(9) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 


3-58 


X28C64 


DATA Polling Timing Diagram(19) 


cca ¢.0, 0,0, GA 00 7,0) 0, Gc 0,0, 00,00 


3853 FHD FO9 


* 


* Starting and ending state of |/Og will vary, depending upon actual two. 


3853 FHD F10 


Note: (10) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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Preliminary Information 


64K X28HC64 8K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES DESCRIPTION 
¢ 55 ns Access Time The X28HC64 is an 8K x 8 EPROM, fabricated with 
¢ SIMPLE Byte and Page Write Xicor’s proprietary, high performance, floating gate 
—Single 5 Volt Supply CMOS technology. Like all Xicor programmable non- 
—No External High Voltages or Vpp Control volatile memories the X28HC64 is a 5V only device. The 
Circuits X28HC64 features the JEDEC approved pinout for byte- 
—Self Timed wide memories, compatible withindustry standard RAMs. . 


—No Erase Before Write 


; The X28HC64 supports a 64-byte page write operation, 
—No Complex Programming Algorithms 


effectively providing a 32 us/byte write cycle and enabling 


—No Overerase Problem the entire memory to be typically written in 0.25 seconds. 
* Low Power CMOS The X28HC64 also features DATA Polling and Toggle Bit 
—40 mA Active Current Max. Polling, two methods providing early end of write detec- 
—200 LA Standby Current Max. tion. In addition, the X28HC64 includes a user-optional 
* Fast Write Cycle Times software data protection mode that further enhances 
—64-Byte Page Write Operation Xicor’s hardware write protect capability. 
—Byte or Page Write Cycle: 2 ms Typical 
—Complete Memory Rewrite: 0.25 Sec. Typical Xicor E7PROMs are designed andtested for applications 
—Effective Byte Write Cycle Time: 32 us Typical requiring extended endurance. Inherent data retention is 
¢ Software Data Protection greater than 100 years. 
¢ End of Write Detection 
—DATA Polling 
—Toggle Bit 
¢ High Reliability 


—Endurance: 10,000 Cycles 
—Data Retention: 100 Years 
¢ JEDEC Approved Byte-Wide Pinout 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
SOIC 


ey 


VOo VOz _VOs 


@ 


VOg 


26 [Z] NC VOp Ap —Vgg _VO4 —VO> 
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8 
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i ° *10 As Ai2 ‘cc 49 Se 
cE © @® @s) 
VO7 VO L413 Ae Ap NC WE _NC 
6 4g) @ ®O @ 
/O 
5 BOTTOM VIEW 
V0, 
/O 
oe FHD FO2 3857 FHD FO03 3857 FHD FO4 
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PIN DESCRIPTIONS 


Addresses (Ajp—A.2) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


Data In/Data Out (I/O,—I/O7) 


Data is written to or read from the X28HC64 through the 
I/O pins. 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28HC64. 


FUNCTIONAL DIAGRAM 


X BUFFERS 


LATCHES AND 


DECODER 
Ao-A12 


ADDRESS 
INPUTS 


Y BUFFERS 


LATCHES AND 


DECODER 


CONTROL 
LOGIC AND 
TIMING 
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PIN NAMES 


E 
E 
E 
CC 
NC 


[NC | NoConnet 


3857 PGM T01 


65,536-BIT 
E°PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


/O-V/07 
DATA INPUTS/OUTPUTS 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28HC64 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
2ms. 


Page Write Operation 


The page write feature of the X28HC64 allows the entire 
memory to be written in 0.25 seconds. Page write allows 
two to sixty-four bytes of data to be consecutively written 
to the X28HC64 prior to the commencement of the 
internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through A;2) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 us of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
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write window is infinitely wide, so long as the host 
continues to access the device within the byte loadcycle 
time of 100 us. 


Write Operation Status Bits 


The X28HC64 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


ce 
| RESERVED 

TOGGLE BIT 

DATA POLLING 
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DATA Polling (1/07) 


The X28HC64 features DATA Polling as a method to 
indicate to the host system that the byte write or page 


write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28HC64, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on I/O7 (i.e. write data = 0xxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. 


Toggle Bit (I/O) 


The X28HC64 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


X28HC64 


DATA POLLING 1/0, 
Figure 2. DATA Polling Bus Sequence 
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> ce 
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Figure 3. DATA Polling Software Flow 

DATA Polling can effectively reduce the time for writing 
to the X28HC64. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 


WRITE DATA ; sed ee 
coo flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 
1O7 
COMPARE? 

YES 
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THE TOGGLE BIT 1/O, 
Figure 4. Toggle Bit Bus Sequence 


VOH HIGH Z 
—=VoL 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 
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ADDR n 


COMPARE 
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X28HC64 
READY 
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The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28HC64 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 4 illustrates the sequence of events on 
the bus. The software flow diagram in Figure 5 illustrates 
a method for testing the Toggle Bit. 


X28HC64 


HARDWARE DATA PROTECTION 


The X28HC64 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


¢ Default Vcc Sense—All write functions are inhibited 
when Vcc is <8V typically. — 

« Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28HC64 offers a software controlled data protec- 
tion feature. The X28HC64 is shipped from Xicor with 
the software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28HC64 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
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ture. The internal software data protection Circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28HC64 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data. Once the page load cycle has been completed, the 
device will automatically be returned to the data pro- 
tected state. 


X28HC64 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


in ae 


WRITES WRITE 
OK two PROTECTED 
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Figure 7. Write Sequence for 
Software Data Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATA AA algorithm is used, the X28HC64 will automatically dis- 
1 a able further writes unless another command is issued to 
deactivate it. If no further commands are issued the 
X28HC64 will be write protected during power-down 


WRITE DATA 55 and after any subsequent power-up. 


TO ADDRESS ‘alte ; ; 
OAAA Note: Once initiated, the sequence of write operations 


Should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 
1555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 
OPTIONAL BYTE 
OR PAGE WRITE 


ALLOWED 
WRITE LAST 


BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 
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X28HC64 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


) 


DATA AA 80 AA 55 
ADDR 1555 1555 1555 OAAA 


4 


Figure 9. Software Sequence to 
Deactivate Software Data Protection 


WRITE DATA AA 


00 STANDARD 
1555 OPERATING 
MODE 
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In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
an E?PROM programmer, the following six step algo- 


TO ADDRESS rithm will reset the internal protection circuit. After twc, 
1555 the X28HC64 will be in standard operating mode. 


Note: 


WRITE DATA 55 
TO ADDRESS 
OAAA 


WRITE DATA 80 
TO ADDRESS 
1555 


WRITE DATAAA 
TO ADDRESS 
1555 


WRITE DATA 55 
TO ADDRESS 
OAAA 


WRITE DATA 00 
TO ADDRESS 
1555 
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Once initiated, the sequence of write operations 
should not be interrupted. 


It should also be noted, the Reset SDP opera- 
tion performs a device “program” operation; 
whereby all bytes are written to OO[H]. 


X28HC64 


SYSTEM CONSIDERATIONS 


Because the X28HC64 is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple |/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28HC64 has two power modes, standby 
and active, proper decoupling of the memory array is of 


Normalized Icc RD by Temperature 
Over Frequency 
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E 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
Caused by the inductive effects of the PC board traces. 


Normalized IccRD @ 25% Over 
the Vcc Range and Frequency 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias Stresses above those listed under “Absolute Maximum 
KABA GGA ac sinicsie ssainedeasneonsaaede cbevuiaes —10°C to +85°C Ratings” may cause permanent damage to the device. 
X28HC641, X28HCE4M .............. —65°C to +135°C This is a stress rating only and the functional operation of 
Storage Temperature ...............e. —65°C to +150°C the device at these or any other conditions above those 
Voltage on any Pin with indicated in the operational sections of this specification is 
Respect to Ground ............... —1.0V to +7.0V not implied. Exposure to absolute maximum rating condi- 
DG; OUIUL GCUCTON foiicconcsnsienincccecehicsisneitensevineeet 5 mA tions for extended periods may affect device reliability. 
Lead Temperature 
(SOIGErING, 10 SOCOMAS) in. sasnteccnssarcreconeesasves 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature | Min. 
Military 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol Test Conditions 
loc Voc Current (Active) CE = OE = Vi, WE = Vjy, All 
(TTL Inputs) 


|/O’s = Open, Address Inputs = 
Ispy Voc Current (Standby) 
(TTL Inputs) 


X28HC64 SV = 10% 


3857 PGM T03 


70°C 
+85°C 
4125°C 


3857 PGM T02 


Limits 
Typ.{1) 


cB] 5] 3] ie 


TTL Levels @ f = 10 MHz 
CE = Vin, OE = Vi 
All I/O’s = Open, Other Inputs = Viy 


Oo 
a 
E ; 


Voc Current (Standby) 100 200 CE = Voc — 0.3V, OE = GND 
(CMOS Inputs) All I/O’s = Open, Other Inputs = 
0 
to 
a0; | os [vi 
20 | |Vec+t0) VV | SCS 
a 
OutputHigh Votage | 24 | | 
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Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage 
(2) Vi min. and Vj} max. are for reference only and are not tested. 
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ENDURANCE AND DATA RETENTION 


Parameter 


Cycles/Byte 


Data Retention 


POWER-UP TIMING 


Power-up to Read Operation 


Years 


3857 PGM T05 


CAPACITANCE Tx, = 25°C, f = 1.0 MHz, Voc = 5V 


Power-up to Write Operation 


A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 
Input Rise and 
Fall Times 5 ns 
Input and Output 
Timing Levels 1.5V 


3857 PGM T08 


Note: (3) This parameter is periodically sampled and not 100% tested. 


EQUIVALENT A.C. LOAD CIRCUITS SYMBOL TABLE 


WAVEFORM 


Output 
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Standby and 
Write Inhibit 


Write Inhibit 
Write Inhibit 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


High Z 


—_—-s 
a 
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OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X28HC64 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 


X28HC64-55 | X28HC64-70 | X28HC64-90 | X28HC64-12 
—55°C to +125°C 


Read Cycle Limits 


—55°C to +125°C 


CE Low to Active Output 


E High to High Z Output 


C 
OE High to High Z Output 


3856 PGM T10 


Read Cycle 


ADDRESS 


'OLz 'OHZ 
Lz Ls 
sow SED 0005005) 


DATA VO 46% DATA VALID 


TAA 
3857 FHD FO5 


Notes: (4) tLz min., tyz, to_z min., and toyz are periodically sampled and not 100% tested. tyz max. and toyz max. are measured from the 
point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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WRITE CYCLE LIMITS 


[—symbot | Parameter 
ic eee 
Address Setup Time 
Address Hold Time 

Write Setup Time 

Write Hold Time 
I 
| 
{DH 


es 
en 
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WE Controlled Write Cycle 


twce 


wooness KXLY 
='cs - tcH 
NNANNN WHT 
a 
TTT Se AA NAAALY 
ona OKXKKY AKKXKKXK) 
DATA OUT x x x X X x x x rr 
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loES 


Notes: (5) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
(6) twpH and tpw are periodically sampled and not 100% tested. 
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CE Controlled Write Cycle 


noness XT XR RK 


tow 


OE Wdsa~ | AAA AY 


= VW “WT 
saan SXTKK KKK KKERRK ewan KKRKRKY KRKKKKKKD 


HIGH Z 


DATA OUT 
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Page Write Cycle 


mooness® XXX KX XT 


a aD Csr 


BYTE 0 BYTE 1 SYIE2 BYTE n BYTE n+1 BYTE n+2 


‘we 
*For each successive write within the page write operation, Ag—A 9 should be the same or 
writes to an unknown address could occur. 
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Notes: (7) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(8) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(9) 


appress an XK AKA An XXXXKXX 


3857 FHD FO9 


* 


* Og beginning and ending state will vary, depending upon actual two. 
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Note: (9) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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256K X28C256 32K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES DESCRIPTION 
e Access Time: 150ns The X28C256 is an 32K x 8 E2PROM, fabricated with 
¢ SIMPLE Byte and Page Write Xicor’s proprietary, high performance, floating gate 
— Single 5 Voit Supply CMOS technology. Like all Xicor programmable non- 
—No External High Voltages or Vpp Control volatile memories the X28C256 is a 5V only device. The 
Circuits X28C256 features the JEDEC approved pinout for byte- 
— Self Timed wide memories, compatible with industry standard RAMs. 


—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 


The X28C256 supports a 64-byte page write operation, 
effectively providing a 78 yus/byte write cycle and en- 


e Low Power CMOS: abling the entire memory to be typically written in less 
—Active: 60mMA than 2.5 seconds. The X28C256 also features DATA 
—Standby: 200uA and Toggle Bit Polling, a system software support 


scheme used to indicate the early completion of a write 
cycle. In addition, the X28C256 includes a user-optional 
software data protection mode that further enhances 


Software Data Protection 
— Protects Data Against System Level 


Inadvertent Writes — ;. 
¢ High Speed Page Write Capability Xicor’s hardware write protect capability. 
¢ Highly Reliable Direct Write™ Cell Xicor E2PROMs are designed and tested for applica- 
— Endurance: 100,000 Write Cycles tions requiring extended endurance. Inherent data re- 
— Data Retention: 100 Years tention is greater than 100 years. 
° Early End of Write Detection 
—DATA Polling 


—Toggle Bit Polling 


PIN CONFIGURATION 
PLASTIC DIP 
CERDIP Lec 
FLAT PACK 
SOIC 


X28C256 


: X28C256 
8 21 


BOTTOM VIEW 


3855 FHD F02 3855 FHD FO3 3855 FHD F04 
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PIN DESCRIPTIONS 


Addresses (Ag—A44) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O —I/07) 

Data is written to or read from the X28C256 through the 
I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28C256. 


FUNCTIONAL DIAGRAM 


X BUFFERS 
LATCHES AND 
DECODER 


Ao-A14 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


3-78 


PIN NAMES 


Vss 
NC 


[Vss | Ground 
Ne [No Connect 


3855 PGM T0141 


256K-BIT 
E2PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


I/Og-!/07 
DATA INPUTS/OUTPUTS 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW andOE is HIGH. The X28C256 supports botha CE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 5 ms. 


Page Write Operation 


The page write feature of the X28C256 allows the entire 
memory to be written in 2.5 seconds. Page write allows 
two to sixty-four bytes of data to be consecutively written 
to the X28C256 prior to the commencement of the 
internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through Aj4) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manneras the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 ps of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 


continues to access the device within the byte load cycle 
time of 100 us. 
Write Operation Status Bits 


The X28C256 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


RESERVED 


es ere 
TOGGLE BIT 
DATA POLLING 
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DATA Polling (1/07) 


The X28C256 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28C256, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on |/O7 (i.e. write data = Oxxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. Note: If the 
X28C256 is in the protected state and an illegal write 
operation is attempted DATA Polling will not operate. 


Toggle Bit (I/Og) 


The X28C256 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle I/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


X28C256 


DATA POLLING 1/07 
Figure 2. DATA Polling Bus Sequence 
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Figure 3. DATA Polling Software Flow 
DATA Polling can effectively halve the time for writing to 


the X28C256. The timing diagram in Figure 2 illustrates 
the sequence of events on the bus. The software flow 


diagram in Figure 3 illustrates one method of implement- 
ing the routine. 
WRITES 


COMPLETE? 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 
107 
COMPARE? 

YES 


X28C256 
READY 
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THE TOGGLE BIT VOg 
Figure 4. Toggle Bit Bus Sequence 


—<-YOH HIGH Z 
VOL X28C256 


READY 


* Beginning and ending state of I/Og will vary. 
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Figure 5. Toggle Bit Software Flow 


The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 


written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 

multiple X28C 256 memories that is frequently updated. 

The timing diagram in Figure 4 illustrates the sequence 

canons of events on the bus. The software flow diagram in 
Figure 5 illustrates a method for testing the Toggle Bit. 
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| COMPARE 
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HARDWARE DATA PROTECTION 


The X28C256 provides three hardware features (com- 
patible with X2864A) that protect nonvolatile data from 
inadvertent writes. 


¢ Noise Protection—A WE pulse typically less than 
20 ns will not initiate a write cycle. 

Default Vcc Sense—All write functions are inhibited 
when Vcc is <3.5V typically. __ — 

Write Inhibit—Holding either OE LOW, WE HIGH, 
or CE HIGH will prevent an inadvertent write cycle 
during power-on and power-off, maintaining data 
integrity. 


SOFTWARE DATA PROTECTION 


The X28C256 offers a software controlled data protec- 
tion feature. The X28C 256 is shipped from Xicor with the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


3-82 


The X28C256 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C256 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


Software Algorithm 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data.* Once the page load cycle has been completed, 
the device will automatically be returned to the data 
protected state. 


*NOTE: Once the three byte sequence is issued it must be 
followed by a valid byte or page write operation. 
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SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


DATA AA 55 AO 
ADDR. 5555 2AAA 5555 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTERtwc 
RE-ENTERS DATA 
PROTECTED STATE 
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KL we 


WRITE 
PROTECTED 
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Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm is used and data has beenwritten, the X28C256 
will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the X28C 256 will be write protected during 
power-down and after any subsequent power-up. 


Note: Once initiated, the sequence of write operations 
should not be interrupted. 


3-83 


X28C256 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


Voc 


STANDARD 


DATA AA OPERATING 
ADDR. 5555 MODE 


af 
ey 
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Figure 9. Software Sequence to 
Deactivate Software Data Protection 
In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
WRITE DATAAA an E2PROM programmer, the following six step algo- 
TO ADDRESS rithm will reset the internal protection circuit. After twc, 
sin the X28C256 will be in standard operating mode. 


Note: Once initiated, the sequence of write operations 
WRITE DATA 55 should not be interrupted. 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 
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SYSTEM CONSIDERATIONS 


Because the X28C256 is frequently used inlarge memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple I/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28C256 has two power modes, standby 
and active, proper decoupling of the memory array is of 


Normalized Active Supply Current 
vs. Ambient Temperature 


oO 
O 
Q 
Lu 
~ 
= 
<x 
= 
an 
O 
Pa 


AMBIENT TEMPERATURE (°C) 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


Normalized Standby Supply Current 
vs. Ambient Temperature 


NORMALIZED Igpj 


+125 
AMBIENT TEMPERATURE (°C) 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


KEGG 29 G snaticcnaniedcovrevanstiestndastanees —10°C to +85°C 

X28C256l, X28C256M ............... —65°C to +135°C 
Storage Temperature ...................... —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ..................608 —1.0V to +7.0V 
Di GCQUtbUl CUCM 6 s:ictsincadnessssanactenniadansincoenanais 5 mA 
Lead Temperature 

(Soldering, 10 SCCONGS) sccisescesicccicccccveescveces 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [Min 


industrial 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Supply Voltage 
X28C256 5V+10% 
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D.C. OPERATING CHARACTERISTICS (over recommended operating conditions, unless otherwise specified) 


Symbol 
Voc Current (Active) 
(TTL Inputs) 


Isp Voc Current (Standby) 
(CMOS Inputs) 


loc 
(2) 
I 
(3) 
OL 


va 
“lig | Output Leakage Current | ___ 


Output Low Voltage 
Output High Voltage | 2.4 | 


VOH 


Ispi Voc Current (Standby) mA 
(TTL Inputs) 
LI . . 


input Leakage Current [|| 10 | WA] Viv=GNDtoVcc 
[os fv] —<CS 
Vectiop Vv] SOS—S 


od 

o> 

"Vin | Input High Voltage | 20 | 
an 

2a [| LV [lone 400WA 


Test Conditions 


CE = OE = Vi, WE = Vin, 
All 1/O’s = Open, Address 
Inputs = .4V/2.4V @ f = 5MHz 
CE = Vin, OE = Vit 
All I/O’s = Open, Other Inputs = Viy 
CE = Vcc — 0.3V, OE = VIL 
All 1/O’s = Open, 

Other Inputs = Vcc — 0.3V 


< 


Notes: (1) Typical values are for T, = 25°C and nominal supply voltage and are not tested 
(2) Isgo Max of 200 pA available from Xicor. Contact local sales office and reference X28C256 C7125. 
(3) Vip min. and Vij max. are for reference only and are not tested. 
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ENDURANCE AND DATA RETENTION 


Parameter 
Endurance 


Cycles/Byte 
Data Retention 


POWER-UP TIMING 


Power-up to Write Operation 


CAPACITANCE Ta = 25°C, f= 1.0 MHz, Voc = 5V 


(4) 
4) 


input Capactance ef pF 


A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 


Input Rise and 
Fall Times 10 ns 


tandby and 
Write Inhibit 


Input and Output 
Timing Levels 1.5V 


3855 PGM T06 
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Note: (4) This parameter is periodically sampled and not 100% tested. 


EQUIVALENT A.C. LOAD CIRCUIT SYMBOL TABLE 


WAVEFORM INPUTS OUTPUTS 


Must be Will be 
steady steady 


Output 


1370Q 
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May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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A.C. CHARACTERISTICS (over recommended operating conditions, unless otherwise specified) 
Read Cycle Limits 


| X28C256-15 | X28C256-20 | X28C256-25| X28C256_ 
Symbol Parameter /Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. 
| tac | ReadCycleTime —s—s«| 150 | ~~ | 200 | ~—s | 250 | ~—| 300 | —|_—ins 
ee in nn 
[tan | Address Access Time | (| 150 | | 200| ‘| 250 | _—*| 300 
| toe | OutputEnable AccessTime | | 50 | ~—| 80 | ~— | 100| ~—s| 100 | _~ns_ | 
| iz) | CELowto Active Output | 0 | | Oo | | 0 | | 0 | | ns | 
| toiz) | OELowtoActive Output | 0 | | o | | o | | 0 | | ns 
a ee 
| tonz'6)_ | OEHighto HighZ Output | | 50 
etter bf ppp re 
Address Change 
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Read Cycle 


ADDRESS 


HIGH Z 


DATA I/O (XX  DATAVALID DATA ss, {  DATAVALID. ~=.KXXXXX%MKDATAVALID (  DATAVALID VALID 


TAA 
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Note: (5) t.zmin., tyz, to_z min., and toyz are peridocally sampled and not 100% tested. tyz and toyz are measured, with C, = 5pF, from 
the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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WRITE CYCLE LIMITS 


P tas | Address Setup Time 
[tay Address Hold Time | 180 
[tos Write Setup Time 

[ton (| Wite Hold Time 
ews i 


Min.(9) Typ.(6) 


jo) 
= 
a 


CE Pulse Width 100 
OE High Setup Time 
OE High Hold Time 


= 


[twp | WE Pulse Wiath_———~Y—*400 
5 
[toy | ata Vai 
0 
[ton Data Hold 
tow | 


1s 


0 
1 
0 


— 


( 
tas 
tAH 
tcs 
cH 
tcw 
twp 
tov 
tps 
tbH 
tow 


Delay to Next Write 
Byte Load Cycle 


WE Controlled Write Cycle 


1 


<i 
© 


=| st | ok 
oO}; O oe te) 


0 Us 
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sooness XR 
Ti “WT 
a — 
| NNN 
DATAIN XXXKKXKKK _oATAVALIOT XXX KXXY AXKXKKXK)— 
DATA OUT CC a as 
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twp 


— 


Notes: (6) Typical values are for Ta = 25°C and nominal supply voltage. 

(7) two is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 

(8) twpy is the normal page write operation WE recovery time. twpy2 is the WE recovery time needed only after the end of issuing 
the three byte SDP command sequence and before writing the first byte of data to the array. Refer to Figure 6 which illustrates 
the twpHe requirement. 

(9) For faster two and tgic, refer to X28HC256 or X28VC256. 
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CE Controlled Write Cycle 


ADDRESS OOO AX 


low 


toes 


ITITTTA SI A ANNAN) ANN 


t 


Wik “WT 
oman SRXRXRKRXKXKXRKEKemravann | YRXRXKY ARK 


HIGH Z 
DATA OUT 
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Page Write Cycle 


pooness XXX KX 


a Gee C0: 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
twe 


“For each successive write within the page write operation, Ag—A 4 should be the same or 
writes to an unknown address could occur. 
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Notes: (10) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(11) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(12) 
VVV /\/ 
an XXXX 0,050: ED 10.00,005 


as ‘OEH | oa 
tow 
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a 
tow 


* 


Toggle Bit Timing Diagram(12) 


* Starting and ending state of I/Og will vary, depending upon actual two. 
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Note: (12) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 


ae 
Advance Information Lor 


High Speed ® 
256K X28HC256 32K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES DESCRIPTION 
® Access Time: 70 ns The X28HC256 is a second generation high perfor- 
© SIMPLE Byte and Page Write mance CMOS 32K x 8 E2PROM. It is fabricated with 
— Single 5 Volt Supply Xicor’s proprietary, textured poly floating gate tech- 
—No External High Voltages or Vpp Control nology, providing a highly reliable 5 Volt only nonvolatile 
Circuits memory. 
— Self Timed 


The X28HC256 supports a 128-byte page write opera- 
tion, effectively providing a 24us/byte write cycle and 
enabling the entire memory to be typically rewritten in 


—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 


less than 0.8 seconds. The X28HC256 also features 

® Low Power CMOS: 

ae pets 60mA DATA Polling and Toggle Bit polling, two methods of 
—Standby: 500uA providing early end of write detection. The X28HC256 


also supports the JEDEC standard Software Data Pro- 
tection feature for protecting against inadvertent writes 
during power-up and power-down. 


Software Data Protection 
— Protects Data Against System Level 
Inadvertent Writes 


® High Speed Page Write Capability Endurance for the X28HC256 is specified as a minimum 
* Highly Reliable Direct Write™ Cell 10,000 write cycles per byte and an inherent data 
—Endurance: 10,000 Write Cycles retention of 100 years. 


— Data Retention: 100 Years 
Early End of Write Detection 
— DATA Polling 

— Toggle Bit Polling 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
FLAT PACK 
SOIC PGA 
A1i4t_j1 28 [_) Voc VOs VOg 
Ayo C2 27 [—) WE (7) 


VO, VO, 


A,(16 231A, 
A 7 22 (7) OE 
° X28HC256 in 
A, (18 21 Ayo 
A,CJ9 20 [J CE ' 
Ay [-} 10 19 voz @)° 
VOo C411 18[-) VO, 
vo, C12 177) vos Ay Aag4 
VO, 13 16 vo, @) 
"ss 14 Mil eae X28HC256 
(BOTTOM VIEW) 
3859 FHD FO2 3859 FHD FO3 3859 FHD FO4 


©Xicor, 1991 Patents Pending Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Addresses (Ap—Aj44) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O9—1/07) 


Data is written to or read from the X28HC256 through 
the I/O pins. 


FUNCTIONAL DIAGRAM 


X BUFFERS 
LATCHES AND 


DECODER 


Ao-A14 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 


DECODER 


CONTROL 
LOGIC AND 
TIMING 
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Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28HC256. 


PIN NAMES 


Address Inputs 
W 


v 
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256K-BIT 
E2PROM 
ARRAY 


(O BUFFERS 
AND LATCHES 


/Oo-l/07 
DATA INPUTS/OUTPUTS 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28HC256 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, 
whichever occurs first. A byte write operation, once 
initiated, will automatically continue to completion, typi- 
cally within 3 ms. 


Page Write Operation 


The page write feature of the X28HC256 allows the 
entire memory to be written in typically 0.8 seconds. 
Page write allows up to one hundred twenty-eight bytes 
of data to be consecutively written to the X28HC256 
prior to the commencement of the internal programming 
cycle. The host can fetch data from another location 
within the system during a page write operation (change 
the source address), but the page address (A7 through 
A;4) for each subsequent valid write cycle to the part 
during this operation must be the same as the initial 
page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 100 ps 
of the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 100 
us, the internal automatic programming cycle will com- 
mence. There is no page write window limitation. Effec- 
tively the page write window is infinitely wide, so long as 
the host continues to access the device within the byte 
load cycle time of 100 us. 
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Write Operation Status Bits 


The X28HC256 provides the user two write operation 
status bits. These can be used to optimize a system write 
cycle time. The status bits are mapped onto the I/O bus as 
shown in Figure 1. 


Figure 1. Status Bit Assignment 


Fs 


RESERVED 
TOGGLE BIT 
DATA POLLING 


— 
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DATA Polling (1/07) 


The X28HC256 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the 
X28HC256, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on |/O7 (i.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, |/O7 will reflect true 
data. 


Toggle Bit (1/Og) 


The X28HC256 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read and write operations. 
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DATA POLLING 1/07 


Figure 2. DATA Polling Bus Sequence 


ViH 


eo os 
~ mene 
An An Xn KAN An 
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Figure 3. DATA Polling Software Flow 

DATA Polling can effectively halve the time for writing to 
the X28HC256. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 


WRITE DATA a 
jwareon flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


|O7 
COMPARE? 
YES 
X28HC256 
READY 
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THE TOGGLE BIT I/O¢ 
Figure 4. Toggle Bit Bus Sequence 


OH HIGH Z 
VOL X28HC256 


* /Og beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 


LAST WRITE 


YES 


LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


X28HC256 
READY 
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READY 
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The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28HC256 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for testing the 
Toggle Bit. 
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HARDWARE DATA PROTECTION 


The X28HC256 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


* Default Vcc Sense—All write functions are inhibited 
when Vcc is < 3.5V Typically. 


¢ Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28HC256 offers a software controlled data protec- 
tion feature. The X28HC256 is shipped from Xicor with 
the software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was Stable. 


The X28HC256 can be automatically protected during 
power-up and power-down without the need for external 
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circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28HC256 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page loadcycle has 
been completed, the device will automatically be returned 
to the data protected state. 
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SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


(a aa 


two 


WRITE 
WRITES PROTECTED 
OK 
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Figure 7. Write Sequence for 
Software Data Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATA AA algorithm is used and data has been written, the 
TO ADDRESS X28HC256 will automatically disable further writes un- 
tite less another command is issued to cancel it. If no further 
commands are issued the X28HC256 will be write 
WRITE’ DATAEE protected during power-down and after any subsequent 


TO ADDRESS power-up. 


aiid Note: Once initiated, the sequence of write operations 
should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TOANY 


ADDRESS OPTIONAL 
BYTE OR 
PAGE WRITE 


WRITE LAST ALOE, 


BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 
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RESETTING SOFTWARE DATA PROTECTION 


Figure 8. Reset Software Data Protection Timing Sequence 


cae | 


DATA 


AA 55 80 AA 55 
ADDRESS 5555 2AAA 5555 5555 2AAA 


STANDARD 
we OPERATING 


c MODE 
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Figure 9. Write Sequence for resetting 
Software Data Protection 


In the event the user wants to deactivate the software 
WRITE DATAAA data protection feature for testing or reprogramming in 
TO ADDRESS an E2PROM programmer, the following six step algo- 
se rithm will reset the internal protection circuit. After twc, 

the X28HC256 will be in standard operating mode. 


WRITE DATA 55 “ai pi 
TO ADDRESS Note: Once initiated, the sequence of write operations 


2AAA should not be interrupted. 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


AFTER two: 
RE-ENTERS 
UNPROTECTED 
STATE 
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SYSTEM CONSIDERATIONS 


Because the X28HC256 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28HC256 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 yF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 pF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


X28HC256 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


KEBTIG COG scteicoteressisieccauteincetoannn —10°C to +85°C 

X28HC256l, X28HC256M .......... —65°C to +135°C 
Storage Temperature ...................00. —65°C to +150°C 
Voltage on any Pin with 

PROSDCCE IO: VSS sa sivictasstersacasteseccacaecies —1.0V to +7V 
DC, OUTOUT CUNT OME sxcscne<isotnntsiswnsienstaninassannecnensh 10 mA 


Lead Temperature (Soldering, 10 Seconds)...... 300°C 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [Min 


3859 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a Stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X28HC256 5V+t10% 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Icc Vcc Active Current 
(TTL inputs) 
ISB1 Vcc Standby Current 
(TTL Inputs) 
ISB2 Vcc Standby Current 
(CMOS Inputs) 
Input Leakage Current 
Output Leakage Current 


Input High Voltage 
Output Low Voltage | | 
Output High Voltage 2.4 


—— 
[Vue inputLow Voltage | -10 | 
a 
a 
4 


Test Conditions 


CE =OE = ViL, WE=Vin, 

All |/O’s = Open, Address Inputs = 
AV/2.4V Levels @ f = 10MHz 
CE = Vin, OE = ViL, All I/O’s = 
Open, Other Inputs = ViH 
CE = Vcc — 0.3V, OE = GND, 
All /Os = Open, 

Other Inputs = Vcc — 0.3V 


Vin = GND to Vcc 
Vout = GND to Vcc, CE = Vi 


IOH = —4mA 


3859 PGM T04 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) Vi_ min. and Viy max. are for reference only and are not tested. 
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POWER-UP TIMING 


Power-Up to Read 100 
Power-Up to Write 


3859 PGM T05 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Vcc = 5V. 


Input/Output Capacitance 
input Capacitance sé | 


Vio = 0V 


3859 PGM T06 


ENDURANCE AND DATA RETENTION 
Parameter 


Endurance 
Data Retention 


A.C. CONDITIONS OF TEST 


Patties | soe 
Fall Times 5ns 
Input and Output | aw | 
Timing Levels 1.5V 


3859 PGM T08 


Note: (3) This parameter is periodically sampled and not 100% 
tested. 


EQUIVALENT A.C. LOAD CIRCUIT 


Output 


13702 30pF 


3859 FHD F20 


MODE SELECTION 
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SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


3859 PGM T09 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X28HC256 


A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Read Cycle Limits 


Symbol 


Read Cycle Time 
Chip Enable Access Time 


OE High to High Z Output 


tOH Output Hold From Address Change 


3859 PGM T10 


Read Cycle 


ADDRESS 


toLZ {OHZ 
Lz 
HIGH Z 


oma 1) EXC 0000) QC 
t 


AA 3859 FHD FO5 


Notes: (4) tz min., tyz, to_z min. and toyz are periodically sampled and not 100% tested, t}yz and toyz are measured, with CL = 5pF, 
from the point whin CE, OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
(5) For faster 256k products, refer to X28VC256 product line. 
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Write Cycle Limits 


Write Cycle Time 


tas | 
AH 
tos | Write SetupTime 
tcH 
tow 
| toes 


tas 
tAH 
tcs 
tCH 
{cw 
WP 


toes OE High Setup Time 
OE High Hold Time 
WE Pulse Width 


twPH{(8) WE High Recovery (page write only) 


Data Hold 
Delay to Next Write after polling is true 


3859 PGM T11 


ADORE WORKER 
“WT 
— > Wy 


‘wp 


DATAIN XXXXKKXOK __PATAVALIO. ——_—« KXX KKK AXKXXKKXY— 
tos tDH 
DATA OUT COU eae. ae 


3859 FHD F06 


Notes: (6) Typical values are for Ta = 25°C and nominal supply voltage. 
(7) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
(8) twpH and tpw are periodically sampled and not 100% tested. 
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CE Controlled Write Cycle 

'we 
ADDRESS Cf KKK KKK KKK OOK 
tas 'AH 


tcw 


loES 


TTT Tiny iy 


t 


Wk — “TTT 
KXXXXXXXXXXKXKXKK pata KXXXXXY AXXXXKXXY) 


HIGH Z 
DATA OUT 


3859 FHD FO7 


Page Write Cycle 


LITT] NULIT NUIT NOLLT SILT XELZT 8S 
~~ LD 7D L7P 1772s LTTPs XAT 


twp - 'BLC 


wooress KX X_—X_—SK XX TR 


[XC Xosrere 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
‘wo 
“For each successive write within the page write operation, A7—A; 4 should be the same or 


writes to an unknown address could occur. 
3859 FHD FO8 


Notes: (9) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and 
WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW 
effectively performing a polling operation. 

(10) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(11) 


wooness AN XK XK AKAN XXX 


os ‘oe ‘ors 
_ 


two 3859 FHD F09 
Toggle Bit Timing Diagram(11) 
CE 
WE 
'OEH ‘OES 
OE 
HIGH Z ‘DW 
Og ~ . , 
*l/Og beginning and ending state will vary, depending upon actual twc. 3859 FHD F10 


Note: (11) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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Advance Information 


Very High Speed 
256K X28VC256 
5 Volt, Byte Alterable E7PROM 


32K x 8 Bit 


DESCRIPTION 


The X28VC256 is a second generation high perfor- 
mance CMOS 32K x 8 E2PROM. It is fabricated with 
— Single 5 Volt Supply Xicor’s proprietary, textured poly floating gate tech- 
—No External High Voltages or Vpp Control nology, providing a highly reliable 5 Volt only nonvolatile 
Circuits memory. 
— Self Timed 
—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 


FEATURES 


¢ Access Time: 45 ns 
¢ SIMPLE Byte and Page Write 


The X28VC256 supports a 128-byte page write opera- 
tion, effectively providing a 24us/byte write cycle and 
enabling the entire memory to be typically rewritten in 
less than 0.8 seconds. The X28VC256 also features 


Low Power CMOS: 
—<Active: 80mA 
—Standby: 10mA 
Software Data Protection 


DATA Polling and Toggle Bit polling, two methods of 
providing early end of write detection. The X28VC256 
also supports the JEDEC standard Software Data Pro- 


tection feature for protecting against inadvertent writes 


—Protects Data Against System Level 
during power-up and power-down. 


Inadvertent Writes 
High Speed Page Write Capability 
Highly Reliable Direct Write™ Cell 
—Endurance: 10,000 Write Cycles 
—Data Retention: 100 Years 
Early End of Write Detection 
—DATA Polling 
— Toggle Bit Polling 


Endurance for the X28VC256 is specified as a minimum 
10,000 write cycles per byte and an inherent data 
retention of 100 years. 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 
FLAT PACK 
SOIC 


~~ 
— 
= 
O 
ine) 
= 
O 
wo 
= 
aes 


@ 


/Oo 


@ 
‘Ff © 
yr ) 
6 
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X28VC256 
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X28VC256 
(BOTTOM VIEW) 


3869 FHD FO2 3869 FHD FO3 3869 FHD F04 


©Xicor, 1991 Patents Pending Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Addresses (Ap—Aj44) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


Data In/Data Out (I/O -1/O7) 
Datais written to or read from the X28VC256 through the 
I/O pins. 


FUNCTIONAL DIAGRAM 


X BUFFERS 


LATCHES AND 


DECODER 
Ag-A14 


ADDRESS 
INPUTS 


Y BUFFERS 


LATCHES AND 


DECODER 


CONTROL 
LOGIC AND 
TIMING 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28VC256. 


PIN NAMES 


ene 
ss 


3869 PGM T01 


256K-BIT 
E°PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


/Op-V/O7 
DATA INPUTS/OUTPUTS 


3869 FHD FO1 
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X28VC256 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention ina system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28VC256 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, 
whichever occurs first. A byte write operation, once 
initiated, will automatically continue to completion, typi- 
cally within 3 ms. 


Page Write Operation 


The page write feature of the X28VC256 allows the 
entire memory to be written in typically 0.8 seconds. 
Page write allows up to one hundred twenty-eight bytes 
of data to be consecutively written to the X28VC256 
prior to the commencement of the internal programming 
cycle. The host can fetch data from another location 
within the system during a page write operation (change 
the source address), but the page address (A7 through 
A;4) for each subsequent valid write cycle to the part 
during this operation must be the same as the initial 
page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 100 ys 
of the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 100 
us, the internal automatic programming cycle will com- 
mence. There is no page write window limitation. Effec- 
tively the page write window is infinitely wide, so long as 
the host continues to access the device within the byte 
load cycle time of 100 us. 
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Write Operation Status Bits 


The X28VC256 provides the user two write operation 
status bits. These can be used to optimize a system write 
cycle time. The status bits are mapped onto the I/O bus as 
shown in Figure 1. 


Figure 1. Status Bit Assignment 


RESERVED 
TOGGLE BIT 
DATA POLLING 


3869 FHD F11 


DATA Polling (1/07) 


The X28VC256 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows asimple 
bit test operation to determine the status of the 
X28VC256, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on |/O7 (i.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, |/O7 will reflect true 
data. 


Toggle Bit (I/Og) 


The X28VC256 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle !I/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read and write operations. 


X28VC256 


DATA POLLING 1/O7 
Figure 2. DATA Polling Bus Sequence 


ViH 


Oi a OW oo ON ae ef in 
“VOL X28VC256 
READY 
TD, GD GD GID GC 


3869 FHD F12 


Figure 3. DATA Polling Software Flow 

DATA Polling can effectively halve the time for writing to 
the X28VC256. The timing diagram in Figure 2 illus- 
trates the sequence of events onthe bus. The software 


WRITE DATA age 
co flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


|O7 
COMPARE? 
YES 
X28VC256 
READY 


3869 FHD F13 
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THE TOGGLE BIT 1/Og 


Figure 4. Toggle Bit Bus Sequence 


YOH HIGH Z 
VOL X28VC256 


READY 
* 1/Og beginning and ending state of I/Og will vary. 
3869 FHD F14 


Figure 5. Toggle Bit Software Flow 
| The Toggle Bitcan eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
LAST WRITE This can be especially helpful in an array comprised of 
multiple X28VC256 memories that is frequently up- 
YES dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 


LOAD ACCUM diagram in Figure 5 illustrates a method for testing the 
FROMADDRn Toggle Bit. 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


X28VC256 
READY 


3869 FHD F15 
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HARDWARE DATA PROTECTION 


The X28VC256 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


* Default Vcc Sense—All write functions are inhibited 
when Vcc is < 3.5V typically. 


* Write Inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-on and power-off, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28VC256 offers a software controlled data protec- 
tion feature. The X28VC256 is shipped from Xicor with 
the software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28VC256 can be automatically protected during 
power-up and power-down without the need for external 
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Circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This Circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28VC256 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page loadcycle has 
beencompleted, the device will automatically be returned 
to the data protected state. 


X28VC256 


SOFTWARE DATA PROTECTION 


Figure 6. Timing Sequence—Byte or Page Write 


two WRITE 
WRITES PROTECTED 


3869 FHD F16 


Figure 7. Write Sequence for 
Software Data Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATA AA algorithm is used and data has been written, the 
TO ADDRESS X28VC256 will automatically disable further writes un- 
5555 less another command is issued to cancel it. If no further 
commands are issued the X28VC256 will be write 
protected during power-down and after any subsequent 


WRITE DATA55 pOWOr-UD. 


TO ADDRESS 


solid Note: Once initiated, the sequence of write operations 
should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 


ADDRESS OPTIONAL 
BYTE OR 
PAGE WRITE 


WRITE LAST ALLOWED 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 


3869 FHD F17 
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RESETTING SOFTWARE DATA PROTECTION 


Figure 8. Reset Software Data Protection Timing Sequence 


55 80 AA 55 20 
2AAA 5555 5555 2AAA 5555 


Figure 9. Write Sequence for Resetting 
Software Data Protection 


t STANDARD 
we OPERATING 


la MODE 


3869 FHD F18 


In the event the user wants to deactivate the software 


WRITE DATAAA data protection feature for testing or reprogramming in 
TO ADDRESS an E2PROM programmer, the following six step algo- 
5555 rithm will reset the internal protection circuit. After two, 


the X28VC256 will be in standard operating mode. 


WRITE DATASS Note: Once initiated, the sequence of write operations 


TO ADDRESS 


2AAA should not be interrupted. 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


AFTER two: 
RE-ENTERS 
UNPROTECTED 
STATE 


3869 FHD F19 
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SYSTEM CONSIDERATIONS 


Because the X28VC256 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple |/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28VC256 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
Current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


X28V C256 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


KOO G29 sietiac tence ticcuecbecnneseerelenee —10°C to +85°C 

X28VC256l, X28VC256M .......... —65°C to +135°C 
Storage Temperature ..................0. —65°C to +150°C 
Voltage on any Pin with 

FROSDBCL 10 VSS nsicdeicoicprevaidscexencesosans —1.0V to +7V 
1). Gy OUTDUT GUITOME, iss csessaccnnsnacssinarivicnsanveniaenn'tas 10 mA 


Lead Temperature (Soldering, 10 Seconds)...... 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature | Min. 
Military +125°C 


3869 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X28VC256 5V+10% 


3869 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Vcc Standby Current 


Input Leakage Current 


Output Leakage Current 


Test Conditions 


CE = OE = Vi_, WE =Vin, 
All |/O’s = Open, Address Inputs = 
0.4V/2.4V Levels @ f = 10MHz 


CE = Vin, OE = ViL, All 1/O’s = 
Open, Other Inputs = VjH 


Vin = GND to Vcc 
Vout = GND to Vcc, CE = Vin 


3869 PGM T04 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) Vi min. and Vi max. are for reference only and are not tested. 
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POWER-UP TIMING 
Parameter 


Power-Up to Write 


Parameter 


Data Retention 


A.C. CONDITIONS OF TEST 


Input Pulse Levels | OV to 3.0V 


Input Rise and 
Fall Times 5ns 


MODE SELECTION 


Input and Output 
Timing Levels 1.5V 


3869 PGM T08 


Write Inhibit 
Write Inhibit 


3869 PGM T09 


Note: (3) This parameter is periodically sampled and not 100% 


tested. 


SYMBOL TABLE 


EQUIVALENT A.C. LOAD CIRCUIT 


Output 


1370Q 30pF 


3869 FHD F20 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


X28VC256 


A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Read Cycle Limits 


3869 PGM T10 


Read Cycle 


ADDRESS 


ae {OHZ 
tz an 
paavo, —UIGH2 XX __DATAVALIO | KKK KX __DATAvALID _ 


DATA VALID 


t 
AA 3869 FHD FO5 


Notes: (4)  t_zmin., tyz, to_z min. and toyz are periodically sampled and not 100% tested, tyz and toyz are measured, with CL = 5pF, 
from the point whin CE, OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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Write Cycle Limits 


[Symbol | SSSCarameter 
Write Cycle Time 

| tas Address Setup Time 

| tAH Address Hold Time 

| tcs Write Setup Time 


| Min, 
a 
0 
30 
i 0 
[Write Hold Time —SSsS—~=“~*~“‘—*~*~*~é~dSCiS 
[CE Pulse Width ———SSOSCS—~S~SY 
[tors | OE High SetupTime—S~S~—~SSCi 
toe [OE High Hold Time ——SOSC—~—~—~S~—“—~*~iSSC 
we | WE Pulse with ——SSS~S~SSC* 
weit i 50 

[30 

a 


twPH(7) WE High Recovery (page write only) 
| tos Data Setup 
a 


Delay to Next Write after polling is true 


tas 
tAH 
tcs 
tCH 
tcw 
twP 
tbs 
tDH 


3869 PGM T11 


WE Controlled Write Cycle 
ADDRESS SE ED UNV CCCCCCCCeees, 
NANNING “Wy 
ae 
TT My 


‘wp 


oa OXXXXKXNK —ovvawwuo [XXXXXKY AXKXKXKK)- 
‘Ds ‘DH 
DATA OUT OO) ee 


3869 FHD FO06 


Notes: (5) Typical values are for Ta = 25°C and nominal supply voltage. 
(6) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
(7) twPH and tpw are periodically sampled and not 100% tested. 
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CE Controlled Write Cycle 


ADDRESS SE ED UNV NOCNNY O 


tow 


= TT BEA ANNAANNNY ANNNY A 


ne \\\\Y “ TTT 
onan SXRKXKKKXKKKXKKK arava | XXXXKY AKER) 


HIGH Z 


DATA OUT 
3869 FHD F07 


Page Write Cycle 


pooress™ XXX KX > 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
twe 


*For each successive write within the page write operation, A7—A;,4 should be the same or 


writes to an unknown address could occur. 3869 FHD Fo 


Notes: (8) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(9) The timings shown above are unique to page write operations. Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram” 
aporess AN XXX NX AK AN XXX 


WE _ 
Ee, ‘oer = 
OE 
low 


VO7 Diya 


Dout=* 


3869 FHD FO9 


- 
'bw 


Toggle Bit Timing Diagram” 


HIGH Z 
> 


two SS 


* 0g beginning and ending state will vary, depending upon actual two sebenseis 


Note: (10) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 


3-123 


X28VC256 


NOTES 
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® 
256K X28TC256 32K x 8 
Fast Column Access E2PROM 


Fact Sheet 


FEATURES DESCRIPTION 

® 35ns Access Time The X28TC256 is a high speed 32K x 8, 5 volt byte 
—Within 64-Byte Page Boundaries alterable nonvolatile memory. It is specially designed to 
—Page Crossing Status Output—WAIT support high speed microprocessors by providing a fast 

© 5 Volt Byte and Page Alterable column access time of 35ns for each byte on a 64-byte 
—wWrite From One to Sixty-Four Bytes page. The access time when changing pages will be 
—Write Time—5ms Max. 150ns maximum. The X28TC256 automatically gener- 
—Complete Memory Rewrite: 2.5 Sec. Max. ates a WAIT signal when page boundaries are crossed. 

° Early End of Write Detection The X28TC256 also features DATA Polling and toggle 
—DATA Polling — bit polling methods for detecting early end of write. Using 
—Toggle Bit Polling either of these polling features, the entire memory can 
—Minimize Memory Rewrite: 1.5 Sec. Typical typically be rewritten in 1.5 seconds. 


® Software Data Protection 

Highly Reliable Direct Write™ Cell 
—Endurance: 10,000 Cycles Per Byte 
—Data Retention: 100 years 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 


X28TC256 


8 25 
X28TC256 - (TOP VIEW) 


3860 FHD FO2 3860 FHD F03 


Direct Write™ is a trademark of Xicor, Inc. 
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FUNCTIONAL DIAGRAM 


ADDRESS 


64-BYTE X 512 ROW 


NONVOLATILE MEMORY ARRAY 
ROW 


ADDRESS 
BUFFERS & 
LATCHES 


R 
O 
WwW 
D 
E 
C 
O 
D 
E 
R 


SENSE AMPS 
COLUMNS MUX 


(0 BUFFERS 


00 WVO1 VWO2 WVO3 VWO4 IOS 1/06 1/07 


COLUMN 
ADDRESS 
BUFFERS & 
LATCHES 
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512K X28C512 64K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


FEATURES ¢ Two PLCC and LCC Pinouts 
: —X28C512 
¢ Access Time: 120 ns 
e SIMPLE Byte and Page Write —X28C010 E2PROM Pin Compatible 
—Single 5 Volt Supply ~~ ibis WRK nensivEaaROn 
— No External High Voltages or Vpp Control —Compatible with Lower Density s 
Circuits DESCRIPTION 
—Self Timed 


The X28C512 is an 64K x 8 E2PROM, fabricated with 
Xicor’s proprietary, high performance, floating gate 
CMOS technology. Like all Xicor programmable non- 
volatile memories the X28C512 is a5V only device. The 
X28C512 features the JEDEC approved pinout for 
bytewide memories, compatible with industry standard 


—No Erase Before Write 
—No Complex Programming Algorithms 
—No Overerase Problem 

Low Power CMOS: 

—Active: 50mA 

—Standby: 500uA 


EPROMS. 
¢ Software Data Protection 
—Protects Data Against System Level The X28C512 supports a 128-byte page write operation, 
Inadvertant Writes effectively providing a 39 us/byte write cycle and en- 
¢ High Speed Page Write Capability abling the entire memory to be written in less than 2.5 
¢ Highly Reliable Direct Write™ Cell seconds. The X28C512 also features DATA Polling and 
—Endurance: 10,000 Write Cycles Toggle Bit testing, system software support schemes 
—Data Retention: 100 Years used to indicate the early completion of a write cycle. In 
¢ Early End of Write Detection addition, the X28C512 supports the Software Data 
—DATA Polling Protection option. 
—Toggle Bit Polling 
PIN CONFIGURATION PLCC / LCC 
= 20.6 Ow 3) 
PLASTIC DIP py aL 
CERDIP PGA i id i333 
a /O, VO VO VO VO : baal - 
) 2 3 5 6 wi 13 
@'@©'@' O° @ tf ts 
i= 
Ap VO, _Vsg VO, _VO7 Ag 23 A 
@® ' @ @3) ap S10 OE 
Ay 2300 Ayo 
Or Ag ait2 22tt CE 
¥Oo P=!" 15 1617 18 1920 S34) "7 
As LieStRAEURE EERE. 
@ SPBSGSS 3856 FHD F03 
A7 
8 25 @ 
: X28C512 - ee o2 pfu e 
1 qiaqds|e <a 
© @ WET GG Uso 
NC NC NC WE Cc Ag ais i 292-0 Ag 
() As O23 : “K Ag 
Ag a: A 
3856 FHD F05 A3 ¢- X28C513 ie 
Ay B19 OE 
A, mq TOPMIEM) age Ayo 
Ag 23K CE 
NC a2 22i8 VO7 
YOo pal” 18 1817 18 1920 539 Vs 
3856 FHD F02 rt run n onanae 
SP BZICS 3856 FHD F04 
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X28C512 


PIN DESCRIPTIONS 


Addresses (Ap—Aj15) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O -1/O7) 


Data is written to or read from the X28C51 2 through the 
I/O pins. 


FUNCTIONAL DIAGRAM 
X BUFFERS 


LATCHES AND 
DECODER 


Y BUFFERS 
LATCHES AND 


DECODER 


CONTROL 
LOGIC AND 
TIMING 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28C512. 


PIN NAMES 


Symbol | _Deseription 


Ground 
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512K-BIT 
E2PROM 
ARRAY 


I/O BUFFERS 
AND LATCHES 


ee 


/Op-VO7 
DATA INPUTS/OUTPUTS 
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X28C512 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28C512 supports bothaCE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. A 
byte write operation, once initiated, will automatically 
continue to completion, typically within 5 ms. 


Page Write Operation 


The page write feature of the X28C512 allows the entire 
memory to be written in 2.5 seconds. Page write allows 
two to one hundred twenty-eight bytes of data to be 
consecutively written to the X28C512 prior to the com- 
mencement of the internal programming cycle. The host 
can fetch data from another location within the system 
during a page write operation (change the source ad- 
dress), but the page address (A7 through A;s5) for each 
subsequent valid write cycle to the part during this 
operation must be the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 100 us 
of the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 100 
us, the internal automatic programming cycle will com- 
mence. There is no page write window limitation. Effec- 
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tively the page write window is infinitely wide, so long as 
the host continues to access the device within the byte 
load cycle time of 100 us. 


Write Operation Status Bits 


The X28C512 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


RESERVED 
TOGGLE BIT 
DATA POLLING 

3856 FHD F13 


DATA Polling (1/07) 


The X28C512 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28C512, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on I/O7 (i.e. write data = Oxxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, !/O7 will reflect true data. 


Toggle Bit (I/Og) 


The X28C512 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 


X28C512 


DATA Polling 1/07 


Figure 2a. DATA Polling Bus Sequence 


VIH 


Oe gen C0 = en oH 
- ee? 
An DX _An DK _ An DK An OK An An Kn 
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Figure 2b. DATA Polling Software Flow 


DATA Polling can effectively halve the time for writing to 
the X28C512. The timing diagram in Figure 2a illustrates 
the sequence of events on the bus. The software flow 


WRITE DATA ace 
coo diagram in Figure 2b illustrates one method of imple- 
menting the routine. 
WRITES 


COMPLETE? 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 
|O7 
COMPARE? 

YES 


X28C512 
READY 


3856 FHD F15 
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X28C512 


The Toggle Bit I/Og 
Figure 3a. Toggle Bit Bus Sequence 


HIGH Z 


VOL X28C512 
READY 


* Beginning and ending state of I/Og will vary. 
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Figure 3b. Toggle Bit Software Flow 

The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28C512 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 3a illustrates the sequence of events 
on the bus. The software flow diagram in Figure 3b 
illustrates a method for testing the Toggle Bit. 


LAST WRITE 


LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


X28C512 
READY 


3856 FHD F15 
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X28C512 


HARDWARE DATA PROTECTION 


The X28C512 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


Noise Protection—A WE pulse typically less than 
10 ns will not initiate a write cycle. 

Default Voc Sense—All write functions are inhibited 
when Vcc is $3.6V. _ — 

Write Inhibit—Holding either OE LOW, WE HIGH, 
or CE HIGH will prevent an inadvertent write cycle 
during power-on and power-off, maintaining data 
integrity. Write cycle timing specifications must be 
observed concurrently. 


SOFTWARE DATA PROTECTION 


The X28C512 offers a software controlled data protec- 
tion feature. The X28C512 is shipped from Xicor with the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 
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The X28C512 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C512 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. Note: The data in the three byte enable se- 
quence is not written to the memory array. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 4a and 4b for the sequence. 
The three byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page load cycle has 
been completed, the device will automatically be re- 
turned to the data protected state. 


X28C512 


Software Data Protection 
Figure 4a. Timing Sequence—Software Data Protect Enable Sequence followed by Byte or Page Write 


(i. as 


DATA AA 55 WRITES 


ADDR _—5555 2AAA OK twe a ete 


NOTE: All other timings and control pins are per page write timing requirements. 
3856 FHD F18 


Figure 4b. Write Sequence for Software Data 
Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protected 
WRITE DATAAA algorithm is used and data has beenwritten, the X28C512 
TO goa will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the X28C512 will be write protected during 
WRITE DATA55 power-down and after any subsequent power-up. The 
TO ADDRESS State of A;5 while executing the algorithm is don’t care. 


2AAA 
Note: Once initiated, the sequence of write operations 


should not be interrupted. 


WRITE DATA AO 
TO ADDRESS 
5555 


WRITE DATA XX 
TO ANY 


ADDRESS OPTIONAL 


BYTE/PAGE 
LOAD OPERATION 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 


3856 FHD F19 
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X28C512 


Resetting Software Data Protection 
Figure 5a. Reset Software Data Protection Timing Sequence 


Voc 


STANDARD 
DATA AA 55 80 AA 55 OPERATING 
ADDR 5555 2AAA 5555 5555 2AAA MODE 


af 


= 


NOTE: All other timings and control pins are per page write timing requirements. 
3856 FHD F20 


Figure 5b. Software Sequence to Deactivate 

Software Data Protection 

In the event the user wants to deactivate the software 

data protection feature for testing or reprogramming in 

pl allay an E2PROM programmer, the following six step algo- 
5555 rithm will reset the internal protection circuit. After two, 


the X28C512 will be in standard operating mode. 


Note: Once initiated, the sequence of write operations 


WRITE DATA 55 should not be interrupted. 


TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


3856 FHD F21 
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X28C512 


SYSTEM CONSIDERATIONS 


Because the X28C512 is frequently used inlarge memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple 1/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28C512 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
Capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


TOCA Cac renatoen eon ttnd cesencdinncsrtavanin —10°C to +85°C 

FOC GO TEN srastersicrsugencue eet acrtives —65°C to +135°C 

KES CO1EM as dconseeaseriooneronrerennsactawad —65°C to +135°C 
Storage Temperature .................6. —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ..................06608 —1.0V to +7.0V 
DG, QUPOUT UN saitinsesaveiostentrarenenasectececpetecceccs 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) .............cc eee 300°C 


RECOMMEND OPERATING CONDITIONS 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Supply Voltage 
X28C512 5V +10% 


3826 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified.) 


Parameter 


Vcc Current (Active) 
(TTL Inputs) 


Voc Current (Standby) 
(TTL Inputs) 


Voc Current (Standby) 
(CMOS Inputs) 
Input Leakage Current 


Test Conditions 


All I/O’s = Open, Address Inputs = 
.4V/2.4V Levels @ f = 5MHz 

CE = Vin, OE = Vit 

All I/O’s = Open, Other Inputs = Voc 
CE = Voc — 0.3V, OE = VIL 

All 1/O’s = Open, Other Inputs = Vcc 
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Notes: (1) Vi min. and Vj max. are for reference only and are not tested. 
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POWER-UP TIMING 


Powerup to Write Operation ee 
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CAPACITANCE Ta, = 25°C, f = 1.0 MHz, Voc = 5V 


Input Capacitance 
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ENDURANCE AND DATA RETENTION 


a 
DataRetention | 100, | —“(—si—sS ars 


3856 PGM T11 
MODE SELECTION 


See Pee oP 
pep RR | Bead Bout Aetve 


Input Rise and 
pecs [ae JL | mee | 
Timing Levels Write Inhibit 

sesoramtor | X | L | X | Writelnhibit | — | 
xP Wt in| = 
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A.C. CONDITIONS OF TEST 


EQUIVALENT A.C. LOAD CIRCUIT SYMBOL TABLE 


Note: 


Output 


(2) This parameter is periodically sampled and not 100% 


tested. 


1370Q 


L 


100pF 


3856 FHD FO6 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Read Cycle Limits 


OE Low to Active Output 
CE High to High Z Output 
OE High to High Z Output 


toH Output Hold from 
Address Change 


Read Cycle 


ADDRESS 


‘OH 
oa 10) OCIS (0000 QC 


TAA 
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Notes: (3) tLzmin., tyz, to.z min., and tOHZ are periodically sampled and not 100% tested. tyz max. and toyz max. are measured, with Cy - 
5pF from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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X28C512 


WRITE CYCLE LIMITS 


Write Cycle Time ee 
Address Setup Time oS 
Address Hold Time 
Write Setup Time To 
Write Hold Time oS 
400 
e 400 
DV 


‘0d 
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WE Controlled Write Cycle 


two 


xooness XR 
NNNAAN ll “Wa 

ee 
a Sa A ANALY 
NAN 
_ git — at — yee IKKKXY- 
DATA OUT CCC a <a 


3856 FHD F06 


t 


‘wp 


Notes: (4) two is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum time 
the device requires to complete the internal write operation. 
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CE Controlled Write Cycle 


two 
ADDRESS SE ED UOC Cee 
tas 'AH 


'WPH 


Tt BURA UY Na 


t t 


Wh ~ WITT 
oman KXXKXKKXKKKEKOK Patani XXX ARKXKRKEND 


HIGH Z 
DATA OUT 
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Page Write Cycle 


eraooness KX XK XX TARE 


a Ge C507: 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
tweo 


*For each successive write within the page write operation, A7-A;5 should be the same or 
writes to an unknown address could occur. 
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Notes: (5) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE HIGH 
to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively performing 
a polling operation. 
(6) The timings shown above are unique to page write operations. Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(”) 


wpress An XK KKK XXX 


3856 FHD F11 


two 


* Starting and ending state of I/Og will vary, depending upon actual two. 
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Note: (7) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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® 


1M X28C010 128K x 8 Bit 
5 Volt, Byte Alterable E7PROM 
FEATURES DESCRIPTION 


® Access Time: 120 ns 


© SIMPLE Byte and Page Write 


—Single 5 Voit Supply 


—No External High Voltages or Vpp Control 


Circuits 
—Self Timed 


—No Erase Before Write 


—No Complex Programming Algorithms 


—No Overerase Problem 


Low Power CMOS: 
—Active: 50mA 
—Standby: 500A 
Software Data Protection 


—Protects Data Against System Level 


Inadvertant Writes 


High Speed Page Write Capability 
Highly Reliable Direct Write™ Cell 


—Endurance: 10,000 Write Cycles 


—Data Retention: 100 Years 
Early End of Write Detection 


The Xicor X28C010 is a 128K x 8 E2PROM, fabricated 
with Xicor's proprietary, high performance, floating gate 
CMOS technology. Like all Xicor programmable non- 
volatile memories the X28C010 is a 5V only device. The 
X28C010 features the JEDEC approved pinout for byte- 
wide memories, compatible with industry standard 
EPROMs. 


The X28C010 supports a 256-byte page write operation, 
effectively providing a 19 ps/byte write cycle and en- 
abling the entire memory to be typically written in less 
than 2.5 seconds. The X28C010 also features DATA 
Polling and Toggle Bit test, system software support 
schemes used to indicate the early completion of a write 
cycle. In addition, the X28C010 supports Software Data 
Protection option. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Data retention is 
specified to be greater than 100 years. 


—DATA Polling 
—Toggle Bit Polling 
PIN CONFIGURATION 
CERDIP 
FLAT PACK 
SOIC 
NC C_}1 32 L_} Voc 
Ay5CJ3 30 (J) NC 
Ai2 | 14 29 L_) Ai4 
A715 28 [7 Ay, 
A, C7 26 [7] Ag 
Aa 8 yoacoto °F AN 
A,CJ9 24 [_] OE 
A, (J 10 23 Ay 
A, C411 22 [J CE 
Ay C412 21 [7 vo, 
VOp C4 13 20) VO¢ 
VO4 14 19 LJ VOs 
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PLCC PGA 
LCC 
nwo,, Q VOp VOp _VOz _VOg _ VOg 
eee Zs @ Qe) &) 
7 Ay VO, Vgg -VO4 _VO7 CE 
Ay or (16) @3) 
Ag : A13 A3 Aig OE 
As f-- th Ag ) @s) 
. X28C010 5g... i @ X28C010 ey" @ 
Ao oe 24:"t OF (BOTTOM VIEW) 
Ay Ai0 or es @" 
Ao 22) CE 
oC sary 1 1929 a) 7 Oo} & &* 
SSBSSES x 
@) @3) 
3858 FHD FO3 
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PIN DESCRIPTIONS 


Addresses (Ap—Aj6) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O9-1/O7) 

Data is written to or read from the X28C010 through the 
I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28C010. 


FUNCTIONAL DIAGRAM 


PIN NAMES 


we | wie enable 
Voc 
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X BUFFERS 
LATCHES AND 
DECODER 


Y BUFFERS 
LATCHES AND 
DECODER 


/Og-l/0O7 
DATA INPUTS/OUTPUTS 


CONTROL 
LOGIC AND 
TIMING 
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DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW andOE is HIGH. The X28C010 supports botha CE 
and WE controlled write cycle. That is, the address is 
latched by the falling edge of either CE or WE, whichever 
occurs last. Similarly, the data is latched internally by the 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 5 ms. 


Page Write Operation 


The page write feature of the X28C010 allows the entire 
memory to be written in 5 seconds. Page write allows 
two to two hundred fifty-six bytes of data to be consecu- 
tively written to the X28C010 prior to the commence- 
ment of the internal programming cycle. The host can 
fetch data from another location within the system 
during a page write operation (change the source ad- 
dress), but the page address (Ag through Aj6) for each 
subsequent valid write cycle to the part during this 
operation must be the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to two hundred fifty-six bytes 
in the same manner as the first byte was written. Each 
successive byte load cycle, started by the WE HIGH to 
LOW transition, must begin within 100 ps of the falling 
edge of the preceding WE. If a subsequent WE HIGH to 
LOWtransition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 
continues to access the device within the byte loadcycle 
time of 100 ps. 


Write Operation Status Bits 


The X28C010 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


IIA 


RESERVED 
TOGGLE BIT 
DATA POLLING 
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DATA Polling (1/07) 


The X28C010 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the X28C010, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on I/O7 (i.e., write data = Oxxx 
Xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, |/O7 will reflect true data. Note: If the 
X28C010 is in the protected state and an illegal write 
operation is attempted DATA Polling will not operate. 


Toggle Bit (I/Og) 


The X28C010 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle |/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the device. When the internal cycle is complete the 
toggling will cease and the device will be accessible for 
additional read or write operations. 
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DATA Polling 1/07 


Figure 2. DATA Polling Bus Sequence 


ViH 


OO ios 
“VOL X28C010 
READY 
ha XXX XO” 
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Figure 3. DATA Polling Software Flow 


WRITE DATA 
ae 


COMPLETE? 


DATA Polling can effectively halve the time for writing to 
the X28C010. The timing diagram in Figure 2 illustrates 
the sequence of events on the bus. The software flow 
diagram in Figure 3 illustrates one method of implement- 
ing the routine. 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


\/O7 
COMPARE? 
YES 
X28C010 
READY 
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X28C010 


The Toggle Bit I/O. 
Figure 4. Toggle Bit Bus Sequence 


YOH HIGH Z 
VoL X28C010 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Fiow 


LAST WRITE 
LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


X28C010 
READY 
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READY 
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The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28C010 memories that is frequently updated. 
Toggle Bit testing can also provide a method for status 
checking in multiprocessor applications. The timing 
diagram in Figure 4 illustrates the sequence of events on 
the bus. The software flow diagram in Figure 5 illustrates 
a method for testing the Toggle Bit. 
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SN 


HARDWARE DATA PROTECTION 


The X28C010 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


Noise Protection—A WE pulse less than 10 ns will not 
initiate a write cycle. 


Default Vcc Sense—All functions are inhibited when 
Voc is <3.6V. 


Write inhibit—Holding either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle 
during power-on and power-off, maintaining data 
integrity. 


SOFTWARE DATA PROTECTION 


The X28C010 offers a software controlled data protec- 
tion feature. The X28C010 is shipped from Xicor withthe 
software data protection NOT ENABLED: that is the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28C010 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C010 
is also protected from inadvertent and accidental writes 
in the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figures 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to two hundred fifty- 
six bytes of data. Once the page load cycle has been 
completed, the device will automatically be returned to 
the data protected state. 


X28C010 


Software Data Protection 
Figure 6. Timing Sequence—Byte or Page Write 


(a abe 


DATA AA WRITES 


ADDR —5555 OK ‘wc WRITE 


PROTECTED 


— 
—f 
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Figure 7. Write Sequence for 
Software Data Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATAAA algorithm is used and data has beenwritten, the X28C010 
= 0 will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the X28C010 will be write protected during 
WRITE DATA55 power-down and after any subsequent power-up. The 
TO ADDRESS state of Ajs5 and Ajg while executing the algorithm is 
2AAA don't care. 


Note: Once initiated, the sequence of write operations 
WRITE DATA AO Should not be interrupted. 


TO ADDRESS 
5555 


WRITE DATA XX 
TO ANY 


ADDRESS OPTIONAL 


BYTE/PAGE 
LOAD OPERATION 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 
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X28C010 


Resetting Software Data Protection 
Figure 8. Reset Software Data Protection Timing Sequence 


Vec 7 


STANDARD 


DATA AA 55 80 AA 55 20 
ADDR 5555 2AAA 5555 5555  2AAA —5555 fone 
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Figure 9. Software Sequence to Deactivate 
Software Data Protection 


In the event the user wants to deactivate the software 
unin DAT AA data protection feature for testing or reprogramming in 
TO ADDRESS an E2PROM programmer, the following Six step algo- 
5555 rithm will reset the internal protection circuit. After two, 

the X28C010 will be in standard operating mode. 


WRITE DATA 55 Note: Once initiated, the sequence of write operations 
TO ADDRESS should not be interrupted. 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


3858 FHD F19 
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X28C010 


SYSTEM CONSIDERATIONS 


Because the X28C010 is frequently used in large memory 
arrays it is provided with a two line control architecture 
for both read and write operations. Proper usage can 
provide the lowest possible power dissipation and elimi- 
nate the possibility of contention where multiple I/O pins 
share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28C010 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output Capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
each eight devices employed in the array. This bulk 
capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


X28C010 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


RABGON1O .wiserasinticivniariwintessameedtnteiad -—10°C to +85°C 

RAB COVOL swicssorstlnctonsdictrnspsessauctes —65°C to +135°C 

KXZBCOIOM. cainnsinsssesvaivedsitasnesiveerss —65°C to +135°C 
Storage Temperature ....................... —65°C to +150°C 
Voltage on any Pin with 

FRRESDOCt 10 GHOUIIG ss tacisccsccdeccatecess —1.0V to +7.0V 
D.C. QuIpUt CUSLTONE ......:...0.ccceccserseseesoseresevensenees 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) ............. ce eeeeeeeeeee 300°C 


RECOMMEND OPERATING CONDITIONS 


Temperature 
Commercial 


Industrial 
Military 
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“COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Supply Voltage 
X28C010 5V +10% 
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D.C. OPERATING CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 


Voc Current (Active) 
(TTL Inputs) 


Voc Current (Standby) 
(TTL Inputs) 


| Min, 

= [seme 

(CMOS Inputs) 

[tu | Input Leakage Current [ 
ae 
| -1.0 | 
2.0 | 
a 


Output Leakage Current 
Input Low Voltage 


Input High Voltage 
Output Low Voltage 
Output High Voltage 


Limits 


<5 5) 5 3 38 


10 Vout = GND to Vcc, CE = Vin 
Voc + 1.0 


Test Conditions 


CE = OE = Vi, WE = Vin, 

All I/O’s = Open, Address Inputs = 
.4V/2.4V Levels @ f = 5MHz 
CE = Vin, OE = Vi 
All /O’s = Open, Other Inputs = Vjy 
CE = Voc — 0.3V, OE = Vi, 
All I/O’s = Open, Other Inputs = Vcc 


Vin = GND to Vcc 
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Notes: (1) Vi, min. and Vj max. are for reference only and are not tested. 


X28C010 


POWER-UP TIMING 


Power-up to Read Operation 100 


3858 PGM T03 
CAPACITANCE Ta, = 25°C, f= 1.0 MHz, Voc = 5V 


Cn input Capacitance 


3858 PGM T04 
ENDURANCE AND DATA RETENTION 


Parameter | Min. =| Max | Units 
Endurance 10,000 ae Cycles per Byte 
Data Retention 100 po Vers 
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|_Mode | vO | Power | 
N 


Power-up to Write Operation 


A.C. CONDITIONS OF TEST MODE SELECTION 


Input Pulse Levels OV to 3.0V 
Input Rise and 
Fall Times 10 ns 
Input and Output 
Timing Levels TOV 
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Standby and 


High Z | Standby 
Write Inhibit 


"Write inhibit [| — | — 
Write inhibit [| — | — 


SYMBOL TABLE 
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EQUIVALENT A.C. LOAD CIRCUIT 


5 


OV 
1923Q 
Output 
1370Q 100pF 
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Note: (2) This parameter is periodically sampled and not 100% 


tested. 
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WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don't Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
ow 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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A.C. CHARACTERISTICS (Over the recommended operating conditions, unless otherwise specified.) 
Read Cycle Limits 


Min. | Max, 
| Read Cycle Time | 120 | 
| Chip Enable Access Time | | 120_ 
|taa | Address AccessTime || 120 
| 50 | 
po | 
oo | 
a 


"tos | Output Enable Access Time _ 
tonz®) | OE High to High zZ Output |__| 80 | | 50 | | 50” 


tou Output Hold from 
Address Change 


Read Cycle 


ADDRESS 


'oLz OHZ 
tz iad 
cata, NE KXK_earavauio [XXXXKNK_onavarn—p 


TAA 
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Note: (3) t.z min.,tyz, toLz min., and toyz are periodically sampled and not 100% tested. tyz max. and toyz max. are measured, with C, = 
5pF, from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 
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Write Cycle Limits 

| Symbol | Parameter | Min, =| Max, | Units 
| twol) | Write CycleTime | | tems 
Pts «| —SsSCAress SetupTime | STs 
[ta «(| ~SSSCAressHold Times] CS |SSSC«dSC(i‘iSSCS 
[tos «| ~SSSSSCSWrite Setup Time —————“‘;‘~YSC‘i‘atSSCd|SSTC*dSC(‘ésSNSCCS 
[tee «(| SSSSCSWite Hold Time —S—=‘iEC“‘éi ;*sTSCS*‘“‘(SCS;SC*'LCUCéSSCS 
[tow | —Ss~S*~=SE Pulse Width —SC~=—“—*é~*YS=SC‘éjqCODS:;OCTSO OUST 
[tors | SSE HighSetuptime | S10] Ss 
torn | ———OEHighHoldTime—Ss|StSCdTST rs 
[twe | SsS*~*=C‘ Pulse Width —~—~iY™=C“‘éO’™*#OC*TSO™™ | 
[twei | ~~~ WEXHIghRRecovery— ——=‘T=SC“‘j}ODS!;#OC|O)O | Os 
[ty | SSSCttaVai ss —“—*é~*S“‘“‘NC*C)SCOCACOC(USs 
[tos | SSCi ata Setup —~<“—*é~sTSC“‘éc§OC|FC*dYSCOCiSC*”s 
[ton «| SSS~S~=t ta Ho S™—~—<“—*~*~*~sSC‘“‘¥NSC#*dSOC*#‘“(’#S*@LWSCs CS 
[tow | ———~—sDelaytoNestWrite |S tCidTS Ts 
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WE Controlled Write Cycle 


two 


aooness XK | XXX KXXXKKXXKKYY 
Ty “W777 


ee 
TT SEEMED WAAAUANY 
'wP {\\y 


tc 


ne 
saa OKXKXKXKKKK _Patavao | KXKXKKY KKXKXKKXY— 
tos 'DH 
DATA OUT CC rn aa 
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Notes: (4) two is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to complete internal write operation. 
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CE Controlled Write Cycle 


two 
ADDRESS Ge ED NOCCCOAOCCCCCCCT NY, 
tas ‘AH 
t 
cE i ANN) 


'WPH 


OES = 
« TTT — L WAAYANY 


me W\\\\ “ WTI 
oawain RXXKKKXKKKKXKKKK _earavasto __ XXKKKNY AKKXKKKKYD 


HIGH Z 


DATA OUT 
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Page Write Cycle 


ey-oness XX XX XX AX 
a ome Cee 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 


two 
writes to an unknown address could occur. 3858 FHD F08 


“For each successive write within the page write operation, Ag—A16 should be the same or 


Notes: (5) Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 

(6) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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DATA Polling Timing Diagram(”) 


a 0.00.0, GE 0,0) 00, GRE 0500500 


a ‘OEH 


Din=X 
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Toggle Bit Timing Diagram 


* 1/Og beginning and ending state will vary. 
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Note: (7) Polling operations are by definition read cycles and are therefore subject to read cycle timings. 
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NOTES 
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Serial Products Data Sheets 


E2PROM Data Sheets 


E?POT™ Data Sheets 


Microcontroller Peripheral Products 


) 


Memory Subsystems 


Preliminary Information 
Terminal Voltage +5V 
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E2POT™ Digitally Controlled Potentiometer 


FEATURES 


Compatible with X9MME 

Low Power CMOS 

—Active Current, 3 mA Max 

—Standby Current, 500 uA Max 

99 Resistive Elements 

—Temperature Compensated 

—+ 20% End to End Resistance Range 
100 Wiper Tap Points 

—Wibper Positioned via Three Wire Interface 
—Similar to TTL Up/Down Counter 
—Wiper Position Stored in Nonvolatile 
Memory and Recalled on Power-Up 

100 Year Wiper Position Data Retention 
X9C102 = 1K Ohms 

X9C103 = 10K Ohms 

X9C503 = 50K Ohms 

X9C104 = 100K Ohms 


FUNCTIONAL DIAGRAM 


DESCRIPTION 


The Xicor X9CMME is a solid state nonvolatile potenti- 
ometer and is ideal for digitally controlled resistance 
trimming. 


The X9CMME is aresistor array composed of 99 resistive 
elements. Between each element and at either end are 
tap points accessible to the wiper element. The position of 
the wiper element is controlled by the CS, U/D, and INC 
inputs. The position of the wiper can be stored in nonvola- 
tile memory and then be recalled upon a subsequent 
power-on operation. 


The resolution of the X8CMME is equal to the maximum 
resistance value divided by 99. As an example, for the 
X9C503 (50 KQ) each tap point represents 505Q. 


All Xicor nonvolatile memories are designed and tested 
for applications requiring extended endurance and data 
retention. Refer to Xicor reliability reports RR-515 and 
RR-520 for detailed Information. 


ee 


U/D 7-BIT 99 p— Vi 
INC UP/DOWN [> 
Te ' 
7 oa 3 
NONVOLATILE OF oa 
MEMORY 1 ONE- 1 | : 
| HUNDRED ! ! | TRANSFER } | RESISTOR | 
1 DECODER , || GATES ! 4 ARRAY } 
2b ! ! 
STORE AND ; 7 
RECALL 
Voc CONTROL 
GND CIRCUITRY ob ! 
= Vi 
Vw 
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E2POT™ is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending Characteristics subject to change without notice 
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X9CMME 


PIN DESCRIPTIONS 
Vy and V, 


The high (Vy) and low (V_) terminals of the XYCMME are 
equivalent to the fixed terminals of a mechanical potenti- 
ometer. The minimum and maximum voltage that may be 
applied to the terminals is determined by the voltage on 
Voc. The minimum voltage is -5 and the maximum is +5. 
It should be noted that the terminology of VL and Vy 
references the relative position of the terminal in relation 
to wiper movement direction selected by the U/D input and 
not the voltage potential on the terminal. 


Vw 

Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position of 
the wiper within the array is determined by the control 
inputs. The wiper terminal series resistance is typically 
less than 40Q. 


Up/Down (U/D) 


The U/D input controls the direction of the wiper move- 
ment and whether the counter is incremented or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 


will move the wiper and either increment or decrement 
the counter in the direction.indicated by the logic level on 
the U/D input. 


Chip Select (CS) 


The device is selected when the CS input is low. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
high. After the store operation is complete the X9CMME 
will be placed in the low power standby mode until the 
device is selected once again. 
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PIN CONFIGURATION 


3863 FHD FO02 


PIN NAMES 


Va | High Terminal 
Me Wiper Terminal 


3863 PGM T01 


X9CMME 


DEVICE OPERATION 


There are three basic sections of the X8CMME : the input 
control, counter and decode section; the nonvolatile 
memory; and the resistor array. The input control sec- 
tion operates just like an up/down counter. The output of 
this counter is decoded to turn on a single electronic 
switch connecting a point on the resistor array to the 
wiper output. Under the proper conditions the contents 
of the counter can be stored in nonvolatile memory and 
retained for future use. The resistor array is comprised 
of 99 individual resistors connected in series. At either 
end of the array and between each resistor is an elec- 
tronic switch that transfers the potential at that point to 
the wiper. 


The INC, U/D andCS inputs control the movement of the 
wiper along the resistor array. With CS set low the 
X9CMME is selected and enabled to respond to the 
U/D and INC inputs. High to low transitions on INC will 
increment or decrement (depending on the state of the 
U/D input) a seven bit counter. The output of this counter 
is decoded to select one of one-hundred wiper positions 
along the resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions high while the INC input is 
also high. 


When the X9CMME is powered down, the last counter 
position stored will be maintained in the nonvolatile 
memory. When power is restored, the contents of the 
memory are recalled andthe counter is reset to the value 
last stored. 
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OPERATION NOTES 


The system may select the X8CMME, move the wiper 
and deselect the device without having to store the latest 
wiper position in nonvolatile memory. The wiper move- 
ment is performed as described above; once the new 
position is reached, the system would the keep INC low 
while taking CS high. The new wiper position would be 
maintained until changed by the system or until a power- 
off/on cycle recalled the previously stored data. 


This would allow the system to always power-on to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift etc. 


The state of U/D may be changed while CS remains low. 
This allows the host system to enable the X9CMME and 
then move the wiper up and down until the proper trim is 
attained. 


Tiw/RTOTAL 


The electronic switches on the X8CMME operate in a 
“make before break” mode when the wiper changes tap 
positions. If the wiper is moved several positions mul- 
tiple taps are connected to the wiper for Tiw (INC to Vw 
change). The Rtota value for the device can tempo- 
rarily be reduced by a significant amount if the wiper is 
moved several positions. 


RtotaL with Vcc Removed 


The end to end resistance of the array will fluctuate once 
Voc is removed. 


X9CMME 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
PIOFAQS TEMPOLatUve = pesasiesancnenercrciees -65°C to +150°C 
Voltage on CS, INC, U/D and Vcc 

Referenced to Ground ................... —1.0V to +7.0V 
Voltage on Vy and Vi, 

Referenced to Ground ................... -—8.0V to +8.0V 
AV = (VH and V_) 

FG Ve wxcecdvcucsantentusieueinevrepacniaianeis 4V 

X9C103, X9C503 and X9C104 ........... ee 10 V 
Lead Temperature (Soldering 10 Seconds).....+300°C 
WS CUM OU a uticswistancaiciecctotesecaoceece seaitatenimensese +1 mA 


ANALOG CHARACTERISTICS 
Electrical Characteristics 


End-to-End Resistance Tolerance................0+ +20% 
Power Rating at 25°C 
PGE ccrstescansmamenennedeacedecntssahiennsdorsaciata 16 mW 
X9C103, X9C503 and X9C104 .......... 10 mW 
VVIDOE CUNT ONE asicsasorisda witamcionsecinanctmmorunaunaads +1 mA Max. 
Typical Wiper Resistance .................0068 40Q at 1 mA 
Typical Noise .............0::cce <—120 dB/V Hz Ref: 1 V 
Resolution 
Pe CS crane te genicatteaaceeston eeieraes er panier emaoeinete 1% 
Linearity 
Absolute Linearity) ooo +1.0 MI(2) 
Relative Linearity(S) ooo... cceeeeeeeeeseseseee 0.2 MIK2) 
Test Circuit #1 


TEST POINT 
Vw 
¥ 
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*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 
—40°C to +85°C 


ROCN02 seciniatecaswasesacinnselveintenanens +600 ppm/°C Typical 
X9C103, X9C503, X9C104 .......4300 ppm/°C Typical 
Ratiometric Temperature Coefficient ............. +20 ppm 
Wiper Adjustability 


Unlimited Wiper Adjustment (Non-store operation) 
Wiper Position Store Operations ....10,000 Cycles 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Test Circuit #2 


TEST POINT 


V 


as FORCE 
CURRENT 
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Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 


= (Vwin)(actual) — Vin)(expected)) = +1 MI Maximum. 
(2) 1 MI = Minimum Increment = Rro7/99. 


(3) Relative Linearity is a measure of the error in step size between taps = Vwin41) — [Vwn) + MI] = +0.2 MI. 


X9CMME 


RECOMMENDED OPERATING CONDITIONS 


Tempore [mn [wa 
| Commercial | orc | 70°C 
industrial 


3863 PGM TO3 


X9CMME 5V+10% 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Limits 


Voc Active Current Lae CS = Vi, U/D = Vj, or Vi and 
INC = 0.4V to 2.4V @ max. Bie 


So merserear fara Yaga 

GND or Voc — -0. 3V 

| teaage cure | || LMA | MmmOve Ne 
Leakage Current 

pm righvotage | P| eer 
High Voltage 

ee 
Low Voltage 

[Rw | WiperResistence | =| _———~«|~_100_~+| @ | Max.WiperCumentzimA 


eM Lil ae nes Ree A 2 eee 
Wi) Vi Terminal Votage | v8 | ~i 


Cin(6) | CS, INC, U/D Input EE 5.0, Vin = OV, 
Capacitance Ta = 26°C, f= 1'MHZz 
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STANDARD PARTS 


Part Number Maximum Resistance Wiper Increments 
x9C102 a Se Ee ee 
X9C103 10 KQ 
X9C503 50 KQ 5050 
X9C104 100 KQ 1010Q 


Notes: (4) Typical values are for Ta = 25°C and nominal supply voltage. 
(5) This parameter is periodically sampled and not 100% tested. 
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X9CMME 


A.C. CONDITIONS OF TEST MODE SELECTION 


cs | inc | uD | Mode 

“ee Sie pet Peston 

od ieee 
Standby 
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A.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Limits 


| CStoINCSetup — —CidLCitoco—Cs| | ts 
$i | Fe args ———} J2-- |}; = 
Ptr | =U toINCSetup | is 
pte | INC LowPeriod | dCs 
pt | ~CINCHighPeriod | ds 
tic | INC InactivetoCS inactive | ts 
| tcpH | ~~ CSDeselectTime | |e 
ptw | INC toVwChange | | 00s || 500s |p 
Move [INC CycleTime SSCS 


te te(7) INC Input Rise and Fall Time 
Power up to Wiper Stable 
Vcc Rise Time 


90% 90% 
10% 
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Notes: (6) Typical values are for Ta = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 
(8) Ml in the A.C. timing diagram refers to the minimum incremental change in the V output due to a change in the wiper position. 
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X9CMME 


Typical Frequency Response for X9C102 


TEST CONDITIONS 

Voc = 5.0V 

Temp. = Room 

Wiper @ Tap 50 

Vy = 0.5V RMS 
Normalized (0 dB @ 1KHz) 
Test Circuit #1 
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Typical Total Harmonic Distortion for X9C102 


TEST CONDITIONS 
Voc = 5.0V 

Temp. = Room 
Wiper @ Tap 50 

Vy =2V RMS 

Test Circuit #1 
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FREQUENCY IN KHz 
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5.0V 


TEST CONDITIONS 


Voc 


= Room 
Test Circuit #2 
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TEST CONDITIONS 


Voc 


= Room 


Temp. 


0.5V RMS 
Normalized (0 dB @ 1KHz) 


Wiper @ Tap 50 
Test Circuit #1 
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Typical Linearity for X9C102 


X9CMME 


(QP) NIVD GSZIIVWHON 
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Typical Frequency Response for X9C103 


X9CMME 


Typical Total Harmonic Distortion for X9C103 


FREQUENCY IN KHz 


Typical Linearity for X9C103 


PERCENTAGE ERROR 
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WIPER POSITION 
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TEST CONDITIONS 
Voc = 5.0V 

Temp. = Room 
Wiper @ Tap 50 


Vy = 2V RMS 
Test Circuit #1 


TEST CONDITIONS 
Voc = 5.0V 

Temp. = Room 

Test Circuit #2 
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Typical Frequency Response for X9C503 


TEST CONDITIONS 

Voc = 5.0V 

Temp. = Room 

Wiper @ Tap 50 

Vy =0.5V RMS 

Normalized (0 dB @ 1 KHz) 
Test Circuit #1 
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Typical Total Harmonic Distortion for X9C503 


TEST CONDITIONS 
Voc = 5.0V 

Temp. = Room 
Wiper @ Tap 50 

Vy =2V RMS 

Test Circuit #1 
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Typical Linearity for X9C503 


PERCENTAGE ERROR 
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1.00 10.00 100.00 1000.00 
FREQUENCY IN KHz 


TEST CONDITIONS 
Voc = 5.0V 

Temp. = Room 

Test Circuit #2 


TEST CONDITIONS 

Voc = 5.0V 

Temp. = Room 

Wiper @ Tap 50 

Vy =0.5V RMS 

Normalized (0 dB @ 1 KHz) 
Test Circuit #1 
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Typical Total Harmonic Distortion for X9C104 


1.00 10.00 100.00 1000.00 10000.00 


FREQUENCY IN KHz 


Typical Linearity for X9C104 
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TEST CONDITIONS 


Voc = 5.0V 
Temp. = Room 
Wiper @ Tap 50 
Vy =2V RMS 
Test Circuit #1 


TEST CONDITIONS 
Vec = 5.0V 

Temp. = Room 

Test Circuit #2 


ay 
Advance Information ILO 


Terminal Voltage OV to +10V ® 
X9311 
E2POT™ Digitally Controlled Potentiometer 


FEATURES DESCRIPTION 
¢ Compatible with X9MME and X9CMME The Xicor X9311 is a solid state nonvolatile potenti- 
¢ Low Power CMOS ometer and is ideal for digitally controlled resistance 
—Active Current, 3 mA Max trimming. 
—Standby Current, 500 .A Max 


The X9311 is a resistor array composed of 99 resistive 
elements. Between each element and at either end are 


99 Resistive Elements 
—Temperature Compensated 


—+ 20% End to End Resistance Range tap points accessible to the wiper element. The position of 
_o to 10V Range the wiper element is controlled by the CS, U/D, and INC 
° 100 Wiper Tap Points inputs. The position of the wiper can be stored in nonvola- 
—Wiper Positioned via Three Wire Interface tile memory and then be recalled upon a subsequent 
—Similar to TTL Up/Down Counter power-on operation. 
—Wiper Position Stored in Nonvolatile The resolution of the X9311 is equal to the maximum 
Memory and Recalled on Power-Up resistance value divided by 99. As an example, for the 
* 100 Year Wiper Position Data Retention X9311U (50 KQ) each tap point represents 5052. 
¢ X9311Z = 1K Ohms 
e X9311W = 10K Ohms All Xicor nonvolatile memories are designed and tested 
¢ X9311U = 50K Ohms for applications requiring extended endurance and data 
¢ X9311T = 100K Ohms retention. 
FUNCTIONAL DIAGRAM 
u/D 7-BIT Spee Fe Ve 
INC UP/DOWN [> : 
cs_le»! COUNTER sal! cai: , 
tim 
NONVOLATILE i OF , 3 
MEMORY ONE- Lt -. 
| HUNDRED ! : | TRANSFER } | RESISTOR | 
1 DECODER , |: GATES :, ARRAY | 
2n ‘ 
STORE AND i | 
RECALL TP ! 
Voc CONTROL Z 
GND CIRCUITRY ob 
ee 
3862 FHD F01 


E2POT™ js a trademark of Xicor, Inc. 
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X9311 


PIN DESCRIPTIONS 
Vy and Vi. 


The high (Vy) and low (V_) terminals of the X9311 are 
equivalent to the fixed terminals of a mechanical potenti- 
ometer. The minimum and maximum voltage that may be 
applied to the terminals is determined by the voltage on 
Voc. The minimum voltage is 0 and the maximum is +10. 
It should be noted that the terminology of V_ and Vy 
references the relative position of the terminal in relation 
to wiper movement direction selected by the U/D input and 
not the voltage potential on the terminal. 


Vw 

Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position of 
the wiper within the array is determined by the control 
inputs. The wiper terminal series resistance is typically 
less than 40Q. 


Up/Down (U/D) 

The U/D input controls the direction of the wiper move- 
ment and whether the counter is incremented or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 
will move the wiper and either increment or decrement 
the counter in the direction indicated by the logic level on 
the U/D input. 


Chip Select (CS) 

The device is selected when the CS input is low. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
high. After the store operation is complete the X9311 will 
be placed in the low power standby mode until the 
device is selected once again. 


PIN CONFIGURATION 


3862 FHD F02 


PIN NAMES 


Vu i 


Va | High Terminal 
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X9311 


DEVICE OPERATION 


There are three basic sections of the X9311: the input 
control, counter and decode section; the nonvolatile 
memory; and the resistor array. The input control sec- 
tion operates just like an up/down counter. The output of 
this counter is decoded to turn on a single electronic 
switch connecting a point on the resistor array to the 
wiper output. Under the proper conditions the contents 
of the counter can be stored in nonvolatile memory and 
retained for future use. The resistor array is comprised 
of 99 individual resistors connected in series. At either 
end of the array and between each resistor is an elec- 
tronic switch that transfers the potential at that point to 
the wiper. 


The INC, U/D and CS inputs control the movement of the 
wiper along the resistor array. With CS set low the 
X9311 is selected and enabled to respond to the 
U/D and INC inputs. High to low transitions on INC will 
increment or decrement (depending on the state of the 
U/D input) aseven bit counter. The output of this counter 
is decoded to select one of one-hundred wiper positions 
along the resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions high while the INC input is 
also high. 


When the X9311 is powered down, the last counter 
position stored will be maintained in the nonvolatile 
memory. When power is restored, the contents of the 
memory are recalled and the counter is resetto the value 
last stored. 
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OPERATION NOTES 


The system may select the X9311, move the wiper and 
deselect the device without having to store the latest 
wiper position in nonvolatile memory. The wiper move- 
ment is performed as described above; once the new 
position is reached, the system would the keep INC low 
while taking CS high. The new wiper position would be 
maintained until changed by the system or until a power- 
off/on cycle recalled the previously stored data. 


This would allow the system to always power-on to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift etc. 


The state of U/D may be changed while CS remains low. 
This allows the host system to enable the X9311 and 
then move the wiper up and down until the proper trim is 
attained. 


Tiw/RTOTAL 


The electronic switches on the X9311 operate in a 
“make before break” mode when the wiper changes tap 
positions. If the wiper is moved several positions mul- 
tiple taps are connected to the wiper for Tjw (INC to Vw 
change). The Rtotat value for the device can tempo- 
rarily be reduced by a significant amount if the wiper is 
moved several positions. 


Rtotac With Vcc Removed 


The end to end resistance of the array will fluctuate once 
Voc is removed. 


X9311 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
SlOfage TEMpPCrature: <ncies ssiseccacssnevene —65°C to +150°C 
Voltage on CS, INC, U/D and Vcc 

Referenced to Ground ................... —1.0V to +7.0V 
Voltage on Vy and VL 

Referenced to Ground ................. —1.0V to +13.0V 
AV = (VH and V_) 

Oo WUE, granite gasiseltrtadc data ehvueadeeteveentaeentseniouaas 4V 

X9311W, X9311U and X9311T........... 10 V 
Lead Temperature (Soldering 10 Seconds).....+300°C 
WVIDEY GUIGIN nie sivwisserdesnnsduuasesaiadibesvowssiosesasakaseas +1 mA 


ANALOG CHARACTERISTICS 
Electrical Characteristics 


End-to-End Resistance Tolerance...................00 +20% 
Power Rating at 25°C 
OVE, pecscesencansie tac antueseetaciaaserseettesnanesiers 16 mW 
X9311W, X9311U and X9311T.................. 10 mW 
WHIDDEN CUNTOINE sivasuucassccunesaucsvensetinnsiarvariedois +1 mA Max. 
Typical Wiper Resistance ...................0 40Q at 1 mA 
TYDICAlNGIS 5 ssavccscenscestannciss <-—120 dB/V¥ Hz Ref: 1 V 
Resolution 
eco oh [eee ea 1% 
Linearity 
Absolute Linearity) ooo eessecseesseeseeeeen +1.0 MI(2) 
Relative Linearity) ooo eeeeeeeeeees +0.2 MI(2) 
Test Circuit #1 


TEST POINT 
Vw 


VL 
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*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


—40°C to +85°C 

PIS WA crcioc scene ge etpcaeniecserende. +600 ppmv°C Typical 
X9311W, X9311U, X9311T ....... +300 ppm/°C Typical 
Ratiometric Temperature Coefficient ............. +20 ppm 
Wiper Adjustability 


Unlimited Wiper Adjustment (Non-store operation) 
Wiper Position Store Operations ....10,000 Cycles 
Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Test Circuit #2 


TEST POINT 


Vw 
~a--— FORCE 
CURRENT 
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Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 


= (Viny(actual) — Vwny(expected)) = +1 MI Maximum. 
(2) 1 MI = Minimum Increment = Rro7/99. 


(3) Relative Linearity is a measure of the error in step size between taps = Vwins1) — [Vn + Ml] = +0.2 MI. 


X9311 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol Parameter Test Conditions 


loc Vcc Active Current CS = Vi, U/D = Vi_ or Vip and 
INC = 0.4V/2.4V @ max. tcyc 
ees tt 
_ 


CS = Vcc — 0.3V, U/D and INC = 
CS, INC, U/D Input Vin = GND to Vcc 
Leakage Current 
CS, INC, U/D Input 
High Voltage 
CS, INC, U/D Input _ 
Low Voltage 


Max. Wiper Current +1mA 
Vec = 5.0, Vin = OFV, 
Ta = 25°C, f = 1 MHz 


Wiper Resistence aa 
VH Terminal Voltage | O | |. 
VL Terminal Voltage | O | | 


Cin(5) | CS, INC, U/D Input 
Capacitance 
STANDARD PARTS 


Part Number Wiper Increments Minimum Resistance 
X9311Z 10.10 
Xa3t1W 10 KO 1010 
X93t1U 50 KO 5050 
X93t1T 100 Ka 10100 


3862 PGM T08 
Notes: (4) Typical values are for Ta = 25°C and nominal supply voltage. 
(5) This parameter is periodically sampled and not 100% tested. 
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X9311 


A.C. CONDITIONS OF TEST MODE SELECTION 


Input Pulse Levels 
| Input Rise and Fall Times | 10ns_— iper Up 
Wiper Down 
eaneen Store Wiper Position 


tandby 
No Store, Return to 


= 


” 
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A.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


Symbol 


Min 


Pty | 

-tp | INC Highto/D Change | 100 
tor |S to INC Setup SC~dYC(‘é |S 
pt | INC LowPeriod | 
tm | INCHigh Period. SOS—~—YSC“‘SOC 
-tic | INC InactivetoCS Inactive | 
topy | CS DeselectTime | 20 
ptw | INC toWwChange | 
Ttcye | ‘INC CycleTime SSC~dC‘ ASC” 
INC Input Rise and Fall Time ae 
Power up to Wiper Stable 
Voc Rise Time 


A.C. Timing 


—_ 
oO 
oO 


3862 FHD F03 


Notes: (6) Typical values are for Ta = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 
(8) Ml in the A.C. timing diagram refers to the minimum incremental change in the V output due to a change in the wiper position. 
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Advance Information 
Terminal Voltage OV to +15V 


X9312 


E*POT™ Digitally Controlled Potentiometer 


FEATURES 


Compatible with XYMME and X9CMME 

Low Power CMOS 

—Active Current, 3 mA Max 

—Standby Current, 500 uA Max 

99 Resistive Elements 

—Temperature Compensated 

—+ 20% End to End Resistance Range 

— 0 to 15V Range 

100 Wiper Tap Points 

—Wiper Positioned via Three Wire Interface 

—Similar to TTL Up/Down Counter 

—Wiper Position Stored in Nonvolatile 
Memory and Recalled on Power-Up 

100 Year Wiper Position Data Retention 

X9312W = 10K Ohms 

X9312U = 50K Ohms 

X9312T = 100K Ohms 


FUNCTIONAL DIAGRAM 


U/D 7-BIT 
INC UP/DOWN [> 
aS |. | COUNTER 
7-BIT 
NONVOLATILE I 
MEMORY 
i 
I 
I 
STORE AND 
RECALL 
Voc CONTROL 
GND CIRCUITRY 


E*POT™ is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending 


3865-1 


ONE 
OF 
ONE- 


HUNDRED 
DECODER 


4-19 


DESCRIPTION 


The Xicor X9312 is a solid state nonvolatile potentiom- 
eter and is ideal for digitally controlled resistance trim- 
ming. 


The X9312 is a resistor array composed of 99 resistive 
elements. Between each element and at either end are 
tap points accessible to the wiper element. The position of 
the wiper element is controlled by the CS, U/D, and INC 
inputs. The position of the wiper can be stored in nonvola- 
tile memory and then be recalled upon a subsequent 
power-on operation. 


The resolution of the X9312 is equal to the maximum 
resistance value divided by 99. As an example, for the 
X9312U (50 KQ) each tap point represents 505Q. 


All Xicor nonvolatile memories are designed and tested 
for applications requiring extended endurance and data 
retention. 


wwe eee we we we ewe we ew ew em ee we ee ew ee ee ee ee 


99D Vy 
ss — : 
? oa : 
=F maa : 
Io , | : 
' | | TRANSFER } | RESISTOR ! 
1 | GATES {4 ARRAY } 
2b ! 
Hi 3 

VE 

Lm VW 


3865 FHD F01 
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X9312 


PIN DESCRIPTIONS 
Vy and Vi 


The high (Vy) and low (V_) terminals of the X9312 are 
equivalent to the fixed terminals of a mechanical potenti- 
ometer. The minimum and maximum voltage that may be 
applied to the terminals is determined by the voltage on 
Vcc. The minimum voltage is 0 and the maximum is +15. 
It should be noted that the terminology of Vi and Vy, 
references the relative position of the terminal in relation 
to wiper movement direction selected by the U/D input and 
not the voltage potential on the terminal. 


Vw 

Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position of 
the wiper within the array is determined by the control 
inputs. The wiper terminal series resistance is typically 
less than 40Q. 


Up/Down (U/D) 


The U/D input controls the direction of the wiper move- 
ment and whether the counter is incremented or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 
will move the wiper and either increment or decrement 
the counter in the direction indicated by the logic level on 
the U/D input. 


Chip Select (CS) 


The device is selected when the CS input is low. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
high. After the store operation is complete the X9312 will 
be placed in the low power standby mode until the 
device is selected once again. 


4-20 


PIN CONFIGURATION 
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PIN NAMES 


symbol Deseriptton 
High Terminal 
Wiper Terminal 


L 
V5 
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X9312 


DEVICE OPERATION 


There are three basic sections of the X9312: the input 
control, counter and decode section; the nonvolatile 
memory; and the resistor array. The input control sec- 
tion operates just like an up/down counter. The output of 
this counter is decoded to turn on a single electronic 
switch connecting a point on the resistor array to the 
wiper output. Under the proper conditions the contents 
of the counter can be stored in nonvolatile memory and 
retained for future use. The resistor array is comprised 
of 99 individual resistors connected in series. At either 
end of the array and between each resistor is an elec- 
tronic switch that transfers the potential at that point to 
the wiper. 


The INC, U/D and CS inputs control the movement of the 
wiper along the resistor array. With CS set low the 
X9312 is selected and enabled to respond to the 
U/D and INC inputs. High to low transitions on INC will 
increment or decrement (depending on the state of the 
U/D input) a seven bit counter. The output of this counter 
is decoded to select one of one-hundred wiper positions 
along the resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions high while the INC input is 
also high. 


When the X9312 is powered down, the last counter 
position stored will be maintained in the nonvolatile 
memory. When power is restored, the contents of the 
memory are recalled andthe counter is reset to the value 
last stored. 


Operation Notes 


The system may select the X9312, move the wiper and 
deselect the device without having to store the latest 
wiper position in nonvolatile memory. The wiper move- 
ment is performed as described above; once the new 
position is reached, the system would the keep INC low 
while taking CS high. The new wiper position would be 
maintained until changed by the system or until a power- 
off/on cycle recalled the previously stored data. 


This would allow the system to always power-on to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift etc. 


The state of U/D may be changed while CS remains low. 
This allows the host system to enable the X9312 and 
then move the wiper up and down until the proper trimis 
attained. 


Tiw/RTOTAL 


The electronic switches on the X9312 operate in a 
“make before break” mode when the wiper changes tap 
positions. If the wiper is moved several positions mul- 
tiple taps are connected to the wiper for Tw (INC to Vw 
change). The Rtotat value for the device can tempo- 
rarily be reduced by a significant amount if the wiper is 
moved several positions. 


RtoTaL with Vcc Removed 


The end to end resistance of the array will fluctuate once 
Voc is removed. 


X9312 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature .................0006 —65°C to +150°C 
Voltage on CS, INC, U/D and Vcc 

Referenced to Ground ................... —1.0V to +7.0V 


Voltage on Vy and V;_ Referenced to Ground 
AV = (VH and V_) 


X9312W, X9312U and X9312T............ 15V 
Lead Temperature (Soldering 10 Seconds).....+300°C 
Wiper Current ..............:::cccsssssesessssesesssesssrsssseeees +1 mA 


ANALOG CHARACTERISTICS 
Electrical Characteristics 


End-to-End Resistance Tolerance..................05 +20% 
Power Rating at 25°C 

X9312W, X9312U and X9312T............... 15 mW 
WISE CUT ONE wiivcsctenisioncerssncaannnsvavtendsnnegsas +1 mA Max. 
Typical Wiper Resistance ...................606 40Q at 1 mA 
Typical Noise ...............:c008 <—120 dB/V Hz Ref: 1 V 
Resolution 
PIOSISTAIICG secsticinicnesinceasirapert aie nieennds stencteniietisaiebtesacetes 1% 
Linearity 
Absolute Linearity() ooo ccs +1.0 MI(2) 
Relative Linearity) ooo. ccc cesee eens +0.2 MI(2) 
Test Circuit #1 


TEST POINT 
Vw 


VL 


3865 FHD F04 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


—40°C to +85°C 

X9312W, X9312U and X9312T ..4+300 ppm/°C Typical 
Ratiometric Temperature Coefficient ............. +20 ppm 
Wiper Adjustability 


Unlimited Wiper Adjustment (Non-store operation) 
Wiper Position Store Operations ....10,000 Cycles 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Test Circuit #2 


VH 


TEST POINT 


Vw 
~«<«-— FORCE 
CURRENT 
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Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 


= (Vin)(actual) — Vyn)(expected)) = +1 MI Maximum. 
(2) 1 MI = Minimum Increment = Ryo7/99. 


(3) Relative Linearity is a measure of the error in step size between taps = Vwins1) — [Vwny + MI] = +0.2 MI. 


X9312 


RECOMMENDED OPERATING CONDITIONS 


[Temperature | Min. 


X9312 oV + 10% 


3865 PGM T04 


0°C 
Military 


3865 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


[te [reneaers | 
| Standby Supply Current 200 500 
CS, INC, U/D Input +10 
Leakage Current 
CS, INC, U/D Input Voc +1.0} V 
High Voltage 
| ow Votage. Pr ee 


CS, INC, U/D Input ~ 
Low Voltage 
| 100 Max. Wiper Current +1mA 


CS = Vi, U/D = Vj or Vin and 
INC = 0.4V/2.4V @ max. tcyc 


loc 
IsB 
ILI 
ViH 2.0 
VIL 7.0 
Rw 

VVH 
VL 1 


VH Terminal Votage | 0 | sv 
We | Wt Terminal Votage [0 | 8 |v 
10 pF Voc = 5.0, Vin = OV, 
Ta = 25°C, f = 1 MHz 
STANDARD PARTS 


Cin(5) | CS, INC, U/D Input 
Capacitance 
X9312W 10 KQ 1010 
X9312U 50 KO 5050 
xoa12T 100 KO 


3865 PGM T08 


3865 PGM T05 


Notes: (4) Typical values are for Ta = 25°C and nominal supply voltage. 
(5) This parameter is periodically sampled and not 100% tested. 
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X9312 


A.C. CONDITIONS OF TEST 


Input Pulse Levels OV to 3.0V 
Input Rise and Fall Times 10ns 
Input Reference Levels 


3865 PGM T05 


MODE SELECTION 
cs | inc | uD | Mode 
L 
[f_[_H_|_X_| Store Wiper Position 
TH [x [x] Standby 
f L X No Store, Return to 
Standby 


3865 PGM T06 


A.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 


joys | women | 
__CStoINCSewp ee ae 


CS to INC Setup 


t 


Limits 


pons 
-tio | INC Highto/D Change | 100 | ts 
to | WD to INC Setup | ts 
tu | INC Low Period 
tw | INC High Period 
tic | INC Inactive to CS Inactive 


CS Deselect Time 
two INC to Vw Change 
INC Cycle Time 


tip 
tp 
tiL 
tH 
IC 
tiw 


INC Input Rise and Fall Time 
Power up to Wiper Stable 
Voc Rise Time 


A.C. Timing 


3865 PGM T07 


90% 90% 
10% 


3865 FHD F03 


Notes: (6) Typical values are for T, = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 
(8) Mlin the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 
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es 
Advance Information | F 


31 Resistor Array 


X9313 
E*POT™ Digitally Controlled Potentiometer 


FEATURES DESCRIPTION 

¢ Compatible with X9MME and X9CMME The Xicor X9313 is a solid state nonvolatile potentiom- 

¢ Low Power CMOS eter and is ideal for digitally controlled resistance trim- 
—Active Current, 3 mA Max ming. 


—Standby Current, 500 uA Max 


31 Resistive Elements The X9313 is a resistor array composed of 31 resistive 


—Temperature Compensated elements. Between each element and at either end are 
—+ 20% End to End Resistance Range tap points accessible to the wiper element. The position of 
— -5V to +5V Range the wiper element is controlled by the CS, U/D, and INC 
32 Wiper Tap Points inputs. The position of the wiper can be stored in nonvola- 


—wWiper Positioned via Three Wire Interface tile memory and then be recalled upon a subsequent 
—Similar to TTL Up/Down Counter power-on operation. 


—Wiper Position Stored in Nonvolatile The resolution of the X9313 is equal to the maximum 
Memory and Recalled on Power-Up resistance value divided by 31. As an example, for the 
* 100 Year Wiper Position Data Retention X9313W (10 KQ) each tap point represents 3230. 
¢ X9313Z = 1K Ohms 
¢ X9313W = 10K Ohms All Xicor nonvolatile memories are designed and tested 
for applications requiring extended endurance and data 
retention. 


FUNCTIONAL DIAGRAM 


U/D 5-BIT 31b-! Levi 
INC UP/DOWN [> 
cst» | counter nob baamens 34 | 
NONVOLATILE OF - 3 | 
MEMORY | THIRTY ot: | 
; TWO ' | | TRANSFER } , RESISTOR | 
1 DECODER , || GATES }; ARRAY | 
2p— 1 : 
STORE AND i 
RECALL 
Voc CONTROL 
GND CIRCUITRY ob : 
: = VL 
| ! me Vy 


3866 FHD F01 


E2POT™ is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending 4-05 Characteristics subject to change without notice 


3866-1 


X9313 


PIN DESCRIPTIONS 
Vy and V, 


The high (Vy) and low (V_) terminals of the X9313 are 
equivalent to the fixed terminals of a mechanical potenti- 
ometer. The minimum and maximum voltage that may be 
applied to the terminals is determined by the voltage on 
Voc. The minimum voltage is —5 and the maximum is +5. 
It should be noted that the terminology of VL and Vy 
references the relative position of the terminal in relation 
to wiper movement direction selected by the U/D input and 
not the voltage potential on the terminal. 


Vw 

Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position of 
the wiper within the array is determined by the control 
inputs. The wiper terminal series resistance is typically 
less than 40Q. 


Up/Down (U/D) 

The U/D input controls the direction of the wiper move- 
ment and whether the counter is incremented or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 
will move the wiper and either increment or decrement 
the counter in the direction indicated by the logic level on 
the U/D input. 


Chip Select (CS) 


The device is selected when the CS input is low. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
high. After the store operation is complete the X9313 will 
be placed in the low power standby mode until the 
device is selected once again. 
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PIN CONFIGURATION 


3866 FHD F02 


PIN NAMES 


Symbol 


Wiper Terminal 


3866 PGM T01 


High Terminal 


X9313 


DEVICE OPERATION 


There are three basic sections of the X9313: the input 
control, counter and decode section; the nonvolatile 
memory; and the resistor array. The input control sec- 
tion operates just like an up/down counter. The output of 
this counter is decoded to turn on a single electronic 
switch connecting a point on the resistor array to the 
wiper output. Under the proper conditions the contents 
of the counter can be stored in nonvolatile memory and 
retained for future use. The resistor array is comprised 
of 31 individual resistors connected in series. At either 
end of the array and between each resistor is an elec- 
tronic switch that transfers the potential at that point to 
the wiper. 


The INC, U/D and CS inputs control the movement of the 
wiper along the resistor array. With CS set low the 
X9313 is selected and enabled to respond to the 
U/D and INC inputs. High to low transitions on INC will 
increment or decrement (depending on the state of the 
U/D input) a seven bit counter. The output of this counter 
is decoded to select one of one-hundred wiper positions 
along the resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions high while the INC input is 
also high. 


When the X9313 is powered down, the last counter 
position stored will be maintained in the nonvolatile 
memory. When power is restored, the contents of the 
memory are recalled and the counter is reset to the value 
last stored. 


Operation Notes 


The system may select the X9313, move the wiper and 
deselect the device without having to store the latest 
wiper position in nonvolatile memory. The wiper move- 
ment is performed as described above; once the new 
position is reached, the system would the keep INC low 
while taking CS high. The new wiper position would be 
maintained until changed by the system or until a power- 
off/on cycle recalled the previously stored data. 


This would allow the system to always power-on to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift etc. 


The state of U/D may be changed while CS remains low. 
This allows the host system to enable the X9313 and 
then move the wiper up and down until the proper trim is 
attained. 


Tiw/RToTAL 

The electronic switches on the X9313 operate in a 
“make before break” mode when the wiper changes tap 
positions. If the wiper is moved several positions mul- 
tiple taps are connected to the wiper for Tiw (INC to Vw 
change). The Rtotat value for the device can tempo- 
rarily be reduced by a significant amount if the wiper is 
moved several positions. 


RtToTaL With Vcc Removed 


The end to end resistance of the array will fluctuate once 
Voc is removed. 


X9313 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
SIOLAGS TOMPOSTAlUle 5 savssssensvancisiscenss -65°C to +150°C 
Voltage on CS, INC, U/D and Vcc 

Referenced to Ground ................... —1.0V to +7.0V 


Voltage on Vy and V,_ Referenced to Ground 
AV = (VH and VL 


OF OF ec sntisiwesiioctnas exten sadacinsvacatndeodadeccsananmsssesoneapasnasneis AV 
FOO ONO ele extesvwssaneeqsdtdsaiieantodvaeerssatoeecucneions 10 V 
Lead Temperature (Soldering 10 Seconds).....+300°C 
MIB Or UIT OMG wrsvcutsnstrsiceraceeeueateuitiaivaveptdetamcadevsss +1 mA 


ANALOG CHARACTERISTICS 
Electrical Characteristics 


End-to-End Resistance Tolerance..................006. +20% 
Power Rating at 25°C 
ROTO. ccisstperisnacisastacscaameeeierncnna 16 mW 
FOOT IVY contccsiecichonasanwcseosiniaemdeveisasteaucneostainnvait 10 mW 
WIDGF CUTE nccccccissscesssiannseshsinsnsiesnseenecuas +1 mA Max. 
Typical Wiper Resistance ................:sc006 40Q at 1 mA 
Typical Noise ..................00. <-—120 dB/V Hz Ref: 1 V 
Resolution 
Fie SIS AINGG oacncchsoseaerseuat beccnensyacesmeseesancaseseranredide aces 3% 
Linearity 
Absolute Linearity) ooo. ceeeceeseeesesneeeeeee +1.0 MI(2) 
Relative Linearity(9) ooo... eceeeeeeeeeeeeeee +0.2 MI(2) 


Test Circuit #1 


TEST POINT 
Vw 
VL 


3866 FHD F04 


*COMMENT 


- Stresses above those listed under “Absolute Maximum 


Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


—40°C to +85°C 

POD 81 sicsstdanatinenassseerincennernass +600 ppm/°C Typical 
ASS ie || a ee le ee ee +300 ppm/°C Typical 
Ratiometric Temperature Coefficient ............. +20 ppm 
Wiper Adjustability 


Unlimited Wiper Adjustment (Non-store operation) 
Wiper Position Store Operations ....10,000 Cycles 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Test Circuit #2 


VH 


TEST POINT 


Vw 
«é- FORCE 
CURRENT 


3866 FHD F05 


Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 


= (Vin)(actual) — Vwn)(expected)) = +1 MI Maximum. 
(2) 1 MI = Minimum Increment = Ryo7/31. 


(3) Relative Linearity is a measure of the error in step size between taps = Vwin41) — [Vwn) + Ml] = +0.2 MI. 


X9313 


RECOMMENDED OPERATING CONDITIONS 


[Temperature [in| Max. 


3866 PGM T03 


X9313 5V+10% 


3866 PGM T04 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Limits 
Symbol Parameter | Min. | Typ.(4) “Peo Test Conditions 
loc 


Voc Active Current * CS = Vi, U/D = Vi or Viy and 
INC = 0.4V/2.4V @ max. leve: 


ereeronr| —[ ar oe] SE 

GND or Veo ~ 0. 3V 

a bc Da Bi 
Leakage Current 

p™ Trighvoiage | PT fey 
High Voltage 

awa ne econ — 
Low Voltage 

[Rw | WiperResistence | —+(| 40 | 100 | @ | Max WiperCurrentiimA 


he ae 2 ene 
[Me Femina Votage [= [Pes vf 


Mn CS, INC, U/D Input Voc = 5.0, Vin = OV, 
Capacitance 


Ta = 25°C, f = 1 MHz 
STANDARD PARTS 


Part Number Wiper Increments Minimum Resistance 


_xesiaw | «OKO 3230 ae 


3866 PGM T08 


3866 PGM T05 


Notes: (4) Typical values are for Ta = 25°C and nominal supply voltage. 
(5) This parameter is periodically sampled and not 100% tested. 
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X9313 


A.C. CONDITIONS OF TEST MODE SELECTION 
Input Pulse Levels OV to 3.0V 


Input Rise and Fall Times 
Input Reference Levels 


3866 PGM T05 


A.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified) 
INC High to U/D Change | 100 
INC High Period 


Symbol 

ve 

tip U high t¢ 

to U/D to INC Setup 
ti 

tH 

tic 

tiw 


3866 PGM T06 
CS to INC Setup oe 
wD ee 
iu INC Low Period a a 
“tic | ___ INC Inactive to CS inactive ak aa 
CS Deselect Time ee 
iw | _INC to Vw Change es 
INC Cycle Time 
tr, te(7) INC Input Rise and Fall Time 
Power up to Wiper Stable 
tr Voc(”) Voc Rise Time 


A.C. Timing 


3866 PGM T07 


90% 90% 
10% 


3866 FHD FO3 


Notes: (6) Typical values are for Ta = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 
(8) Mlin the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 
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Advance Information 


X9241 


Quad E?POT™ Nonvolatile Potentiometer 


FEATURES 


Four E2POTs in One Package 

Two Wire Serial Interface 

Register Oriented Format 

—Directly Write Wiper Position 

—Read Wiper Position 

—Store as Many as Four Positions per Pot 

Instruction Format 

—Quick Transfer of Register Contents to 
Resistor Array 

—Cascade Resistor Arrays 

Low Power CMOS 

Direct Write Cell 

—Endurance - 100,000 Writes per Register 

—Register Data Retention - 100 years 

16 Bytes of E2PROM memory 

3 Resistor Array Values 

—2K to 50K Ohms Mask Programmable 

—Cascadable For Values of .5K to 200K Ohms 

Resolution: 64 Taps each pot 

20-Pin Plastic DIP and 20-Lead SOIC Packages 


DESCRIPTION 


The X9241 integrates four nonvolatile E2POT digitally 
controlled potentiometers on a monolithic CMOS micro- 
Circuit. 


The X9241 contains four resistor arrays, each com- 
posed of 63 resistive elements. Between each element 
and at either end are tap points accessible to the wiper 
elements. The position of the wiper element on the array 
is controlled by the user through the two wire serial bus 
interface. 


Each resistor array has associated with it a wiper counter 
register and four 8-bit data registers that can be directly 
written and read by the user. The contents of the wiper 
counter register control the position of the wiper on the 
resistor array. 


The data register may be read orwritten by the user. The 
contents of the data registers can be transferred to the 
wiper counter register to position the wiper. The current 
wiper position can be transferred to any one of its 
associated data registers. 


The arrays may be cascaded to form resistive elements 
with 127, 190 or 253 taps. 


FUNCTIONAL DIAGRAM 


as i= 
Re” | REGISTER 


SCL 

SDA=+j INTERFACE 
AO AND 
Ai—+{ CONTROL 
Ao —-| CIRCUITRY 
A3 


© Xicor, 1991 Patents Pending 


3864-1 
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VH2 
WIPER |ResisTOR 
OUNTER| agpay 
EGISTER 
(WCR) VL2 
vW2 
” VH3 
WIPER 
RESISTOR 
geass COUNTER] annay 
Ne 53| REGISTER 
VL3 
R3 
fate a 


3864 FHD F07 


Characteristics subject to change without notice 


X9241 


PIN DESCRIPTIONS 


Host Interface Pins 


Serial Clock (SCL) 


The SCL input is used to clock data into and out of the 
X9241. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. An open drain output requires the use 
of a pull-up resistor. For selecting typical values refer to 
the guidelines for calculating typical values of Bus Pull- 
Up Resistors graph. 


Address 

The Address inputs are used to set the least significant 
4 bits of the 8 bit slave address. A match in the slave 
address serial data stream must be made with the 
Address input in order to initiate communication with the 
X9241 


Potentiometer Pins 


Vi (Vio — Vs); Vi (Vio — Vis) 

The VH and VL inputs are equivalent to the terminal 
connections on either end of a mechanical potentiom- 
eter. 


Vw (Vwo — Vws) 
The wiper outputs are equivalent to the wiper output of 
a mechanical potentiometer. 
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PIN CONFIGURATION 


DIP/SOIC 


3864 FHD F01 


PIN NAMES 


VHo-VH3, VLo-VLo Potentiometers 
(terminal equivalent) 


(wiper equivalent) 


3864 PGM T01 


X9241 


PRINCIPLES OF OPERATION 


The X9241 is a highly integrated microcircuit incorporat- 
ing four resistor arrays, their associated registers and 
counters and the serial interface logic providing direct 
communication between the host and the E2POT po- 
tentiometers. 


Serial Interface 


The X9241 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as atransmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
Clock for both transmit and receive operations. There- 
fore, the X9241 will be considered a slave device in all 
applications. 


Clock and Data Conventions 


Data states onthe SDA line canchange only during SCL 
low periods (tlow). SDA state changes during SCL High 
are reserved for indicating start and stop conditions. 


Start Condition 


All commands to the X9241 are preceded by the start 
condition, which is a HIGH to LOW transition of SDA 
while SCL is HIGH (tyigh). The X9241 continuously 
monitors the SDA and SCL lines for the start condition 
and will not respond to any command until this condition 
is met. 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA while 
SCL is HIGH. 


Acknowledge 


Acknowledge is a software convention used to provide 
a positive handshake between the master and slave 
devices on the bus to indicate the successful receipt of 
data. The transmitting device, either the master or the 
slave, will release the SDA bus after transmitting eight 
bits. The master generates a ninth clock cycle and 
during this period the receiver pulls the SDA line LOW to 
acknowledge that it successfully received the eight bits 
of data. See Figure 7. 


The X9241 will respond with an acknowledge after 
recognition of a start condition and its slave address and 
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once again after successful receipt of the command 
byte. If the command is followed by a data byte the 
X9241 will respond with a final acknowledge. 


Array Description 


The X9241 is comprised of four resistor arrays. Each 
array contains 63 discrete resistive segments that are 
connected in series. The physical ends of each array are 
equivalent to the fixed terminals of a mechanical poten- 
tiometer (Vy and V; inputs). 


At both ends of each array and between each resistor 
segment is a FET switch connected to the wiper (Vw) 
output. Within each individual array only one switch may 
be turned on at atime. These switches are controlled by 
the Wiper Counter Register (WCR). The six least signifi- 
cant bits of the WCR are decoded to select, and enable, 
one of sixty-four switches. 


The WCR may be written directly, or it can be changed 
by transferring the contents of one of four associated 
data registers into the WCR. These data registers and 
the WCR can be read and written by the host system. 


Device Addressing 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (refer to Figure 1 below) For the X9241 this is 
fixed as 0101[B]. 


Figure 1. Slave Address 


DEVICE TYPE 
IDENTIFIER 


A2 


Ai AO 


DEVICE ADDRESS 
3864 FHD F08 


The next four bits of the slave address are the device 
address. The physical device address is defined by the 
state of the AO-A3 inputs. The X9241 compares the 
serial data stream with the Address input state; a suc- 
cessful compare of all four address bits is required for 
the X9241 to respond with an acknowledge. 


X9241 


Instruction Structure 


The next byte sent to the X9241 contains the instruction 
and register pointer information. The four most signifi- 
cant bits are the instruction. The next four bits point to 
one of four pots and when applicable they point to one 
of four associated registers. The format is shown below 
in Figure 2. 


Figure 2. Instruction Byte Format 


POTENTIOMETER 
SELECT 


oa 


PO Ri 


i@ t2 10 PI RO 


Wa 
REGISTER 
SELECT 


INSTRUCTIONS 


3864 FHD F02 


The four high order bits define the instruction. The next 
two bits (P1 and PO) select which one of the four 
potentiometers is to be affected by the instruction. The 
last two bits (R1 and RO) select one of the four registers 
that is to be acted upon when a register oriented instruc- 
tion is issued. 


Four of the nine instructions end with the transmission of 
the instruction byte. The basic sequence is illustrated in 
Figure 3. These two-byte instructions exchange data 
between the WCR and one of the data registers. A 
transfer from a data register to a WCR is essentially a 
write to a Static RAM. The response of the wiper to this 


Figure 3. Two-Byte Command Sequence 


action will be delayed tstpwy. A transfer from WCR 
current wiper position, to a data register is a write to 
nonvolatile memory and takes a minimum of twr to 
complete. The transfer can occur between one of the 
four potentiometers and one of its associated registers; 
or it may occur globally, wherein the transfer occurs 
between all four of the potentiometers and one of their 
associated registers. 


Four instructions require a three byte sequence to 
complete. These instructions transfer data between the 
host and the X9241; either between the host and one of 
the data registers or directly between the host and the 
WCR. These instructions are: Read WCR, read the 
current wiper position of the selected pot; Write WCR, 
change current wiper position of the selected pot; Read 
Data Register, read the contents of the selected non- 
volatile register; Write Data Register, write a new value 
to the selected data register. The sequence of opera- 
tions is shown in Figure 4. 


The Increment/decrement command is different from 
the other commands. Once the command is issued and 
the X9241 has responded with an acknowledge, the 
master can clock the selected wiper up and/or down in 
one segment steps; thereby, providing a fine tuning 
capability to the host. For each SCL clock pulse (tyiGH) 
while SDA is HIGH, the selected wiper will move one 
resistor segment towards the Vy terminal. Similarly, for 
each SCL clock pulse while SDA is LOW, the selected 
wiper will move one resistor segment towards the V, 
terminal. A detailed illustration of the sequence and 
timing for this operation are shown in Figures 5 and 6 
respectively. 


A3 A2 Ai AO 


A 
Cc 
K 
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IS | PO R1 RO 


A 
Cc 
K 


S 
1 
O 
Pp 


3864 FHD F10 


X9241 


Figure 4. Three-Byte Command Sequence 


A3 A2 A1 AO _ 13 
K K 


3864 FHD F11 


Figure 5. Increment/Decrement Command Sequence 


A3 A2 Ai AO 7 3 I2 WW 10 P1 PO RI ian 


Figure 6. Increment/Decrement Timing Limits 


INC/DEC 
CMD 
ISSUED 


SCL 


VOLTAGE OUT 


3864 FHD F13 
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X9241 


Table 1. Instruction Set 


Read WCR 

Write WCR 
Read Data 1 
Register 

Write Data 1 
Register 

XFR Data Reg- 1 
ister to WCR 


XFR WCR to cyry 


> 
a 
~- 
“= 
c 
9 
=A 
Oo 
5 
n 
\e) 
Lm } 
= 
) 
~* 


1/0(7)} 1/0 | N/A(8)| N/A | Read the contents of the Wiper Counter 
Register pointed to by Py—Po 
1/0 | 1/0} N/A | N/A | Write new value to the Wiper Counter 
Register pointed to by Py—Po 
1/0 | 1/0} 1/0 | 1/0 | Read the contents of the Register 
pointed to by Py—Pp and Ry—Ro 
1/0 | 1/0} 1/0 | 1/0 | Write new value to the Register 
pointed to by Py—Pp and Ry—Ro 
Transfer the contents of the 
WCR pointed to by Py—Pp and Ry-Ro 
to its associated WCR 
Transfer the contents of the WCR 
pointed to by P;—Pp to the Register 
pointed to by Ry—Ro 


a 


1/0 | 1/0} 1/0 | 1/0 
Data Register 


Global XFR Data N/A | N/A 1/0 1/0 | Transfer the contents of all four Data 

Register to WCR Registers pointed to by R;—Ro to their 
respective WCR 

Global XFR WCR 1/0 1/0 | Transfer the contents of all WCRs 


to their respective data Registers 
pointed to by Ry—Ro 


N/A | N/A_ | Enable Increment/decrement of the 
WCR pointed to by P;—Po 


3864 PGM T11 


to Data Register 


Increment/Decre- 
ment Wiper 
Notes: (7) |/0 = data is one or Zero (typical) 
(8) N/A = Not applicable or don't care; that is, a data register is not involved in the operation and need not be addressed (typical) 


= Zz 
io) > 
= 
> 


— 
~ 
oO 


Figure 7. Acknowledge Response from Receiver 
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X9241 


REE NRE AEP SENSE SE TT IT EOE IS AE LS ADEE TE TASTES EERE TEESE II SESE D TIE TSG EOI IE TOES I AESOP RT SER EBSD asco Seana eRe 


DETAILED OPERATION 


Allfour E7POT potentiometers share the serial interface 
and share a common architecture. Each potentiometer 
is comprised of a resistor array, a wiper counter register 
and four data registers. A detailed discussion of the 
register organization and array operation follows. 


Wiper Counter Register 


The X9241 contains four wiper counter registers (WCR), 
one for each E2POT potentiometer. The WCR can be 
envisioned as a 6-bit parallel and serial load counter with 
its outputs decoded to select one of sixty-four switches 
along its resistor array. The contents of the WCR can be 
altered in four ways: it may be written directly by the host 
via the Write WCR instruction (serial load); it may be 
written indirectly by transferring the contents of one of 
four associated data registers via the XFR Data Register 
instruction (parallel load); it can be modified one step at 
a time by the Increment/ Decrement instruction; finally, 
it is loaded with the contents of its data register zero (RO) 
upon power-up. 


Figure 8. Detailed Potentiometer Block Diagram 


SERIAL DATA PATH 


FROM INTERFACE 
CIRCUITRY 


REGISTER 0 


IF WCR = 0O[H] THEN VW = VL 


IF WCR = 3F[H] THEN VW = VH 


REGISTER 1 


7—— Bus 


REGISTER 2 | REGISTER 3 


MODIFIED SCL 


The WCR is a volatile register; that is, its contents are 
lost when the X9241 is powered-down. Although the 
register is automatically loaded with the value in RO 
upon power-up, it should be noted this may be different 
from the value present at power-down. 


Data Registers 


Each potentiometer has four nonvolatile data registers. 
These can be read or written directly by the host and 
data can be transferred between any of the four data 
registers and the WCR. It should be noted all operations 
changing data in one of these registers is a nonvolatile 
operation and will take a maximum of 10ms. 


If the application does not require storage of multiple 
settings for the potentiometer, these registers can be 
used as regular memory locations that could possibly 
store system parameters or user preference data. 


SERIAL 
BUS 
INPUT 


< 
a 


PARALLEL 


‘ne 


INPUT 


WIPER 
COUNTER 
REGISTER 


INC/DEC 
LOGIC 


UP/DN 


mMOOQOOMOO---VBMAZCOaN 


CLK 


a —" 
ee 


DW 


CASCADE 
CONTROL 
LOGIC 
CM 
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Cascade Mode 


The X9241 provides a mechanism for cascading the 
arrays. That is, the sixty-three resistor elements of one 
array may be cascaded (linked) with the resistor ele- 
ments of an adjacent array. 


Cascade Control Bits 


The data byte, for the three-byte commands, contains 6 
bits (_SBs) for defining the wiper position plus two high 
order bits, CM (Cascade Mode) and DW (Disable Wiper). 


The state of CM enables or disables (normal operation) 
cascade mode. When the CM bit of the WCR is set to 
zero (0) the potentiometer is in the normal operation 
mode. When the CM bit of the WCR is set to one (1) the 
potentiometer is cascaded with its adjacent higher order 
potentiometer. For example; if bit 7 of WCR2 is set to 
one, pot 2 will be cascaded to pot 3. 


The state of DW enables or disables the wiper. When the 


Figure 9. Cascading Arrays 


_ EXTERNAL 
CONNECTION 
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DW bit of the WCR is set to zero (0) the wiper is enabled; 
when set to one (1) the wiper is disabled. If the wiper is 
disabled, the wiper terminal will be electrically isolated 
and float. 


When operating in cascade mode VH, VL and the wiper 
terminals of the cascaded arrays must be electrically 
connected externally. All but one of the wipers must be 
disabled. The user can alter the wiper position by writing 
directly to the WCR or indirectly by transferring the 
contents of the data registers to the WCR or by using the 
increment/decrement command. 


When using the increment/decrement command the 
wiper position will automatically transition between ar- 
rays. The current position of the wiper can be deter- 
mined by reading the WCR registers; if the DW bit is 0, 
the wiper in that array is active. If the current wiper 
position is to be maintained, a global XFR WCR to Data 
Register command must be issued before powerdown. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature .........0.0000000. —65°C to +150°C 
Voltage on SCK, SCL or any Address Input 

With Respect to GND .................. —1.0V to +7.0V 
Voltage on any Vy or Vi Referenced to GND...... + 8V 
BO a CT esesieraticcnduerniareirienncosewacaaemniaiosacnminia sais 16V 


RECOMMENDED OPERATING CONDITIONS 


Temperature | Min. | Max 
0°C 


Commercial | 0-0 | 700 
Industrial —40°C 
125°C 
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*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
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ANALOG CHARACTERISTICS (Over recommended operating conditions unless otherwise stated.) 
Limits 


Absolute Linearity (1) 
Relative Linearity (2) 
Temperature Coefficient 


2 eee 
Vw(n + 1) — [Vw(n) + Mil 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise stated.) 


anh te ae 


Input High Voltage 
| 


Limits 


typ. | Max 
| fe 
tes [Veo Current Standby) |__| 200 | 500 | uA 
ee 
0 
——Weovosp vf SCS 
‘inputtow Voltage | -10 | Nocxos| V |S 
[OutputtowVolage | | _+| (04 | V[ia=3mA 


Test Conditions 


fgcL = 100KHz, SDA = Open, 


Other Inputs = GND 


SCL=SDA=Voc, Addr.=GND 


Vin = GND to Voc 
Vout = GND to Voc, CE = Vin 


3864 PGM T05 


Notes: (1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage as determined by wiper 


position when used as a potentiometer. 


(2) Relative Linearity is utilized to determine the actual change in voltage between two successive tap positions when used as a 


potentiometer. It is a measure of the error in step size. 
(3) MI = RTOT/63 or (Vy — V,_)/63, single pot 


(4) Max. = all four arrays cascaded together, Typical = individual array resolutions. 
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ENDURANCE AND DATA RETENTION 


Parameter 
Minimum Endurance 


Data Retention 


CAPACITANCE 


Symbol | —~=sParameter=— | Max. 
Input/Output Capacitance (SDA) | og 


Input Capacitance (AO, A1, A2, A3 and SCL) 


POWER-UP TIMING 


[symbol [Parameter 
Power-up to Initiation of Read Operation 


Power-up to Initiation of Write Operation 


A.C. CONDITIONS OF TEST 


input Pulse Levels Voc Xx 0.1 to Voc x 0.9 
Input Rise and 
Fall Times 10ns 
Input and Output 
Timing Levels Voc x 0.5 


3864 PGM TO9 
Notes: (5) This parameter is periodically sampled and not 100% 
tested. 
(6) tpyR and tpyw are the delays required from the time 
VCC is stable until the specified operation can be 3864 FHD F02 
initiated. These parameters are periodically sampled 
and not 100% tested. 


SDA OUTPUT 


Guidelines for Caiculating 
Typical Values of Bus Pull-Up Resistors 


RESISTANCE (KQ) 


0 
0 20 40 60 80 100 120 


BUS CAPACITANCE (pF) 
3864 FHD F17 


4-40 


X9241 


A.C. CHARACTERISTICS (Over recommended operating conditions unless otherwise stated) 


Limits 
Parameter 


SCL Clock Frequency 


SCL and SDA Rise Time aa 
SCL and SDA Fall Time | | 300 


Ti Noise Suppression Time Constant 
(Glitch Filter) 


| fevers | Sar conotion ne Coraepene | 
Start Condition) 

Taosta | Sta Condon Hoidtime | 4000 | 
Tteuoar | Datain Setup Time 880 
wooat | Data in How Time 0 
tan | SCL Low to SDA Data Out Vaid SY 00 

ton | ata OutHeid Time 00s 
teuaro | Stop Condition Setup Time [4700] [ns 
Bus Free Time Prior to New Transmission | 4700 | 


Write Cycle Time (Nonvolatile Write Operation) 
Wiper Response Time From Stop Generation 


3864 PGM T10 


SDA 
(DATA IN) 


3864 FHD F03 
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Figure 11. Output Bus Timing 


TAA 


SDA gy (ACK) 
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Figure 12. Start Stop Timing 


START CONDITION STOP CONDITION 


SDA 
DATA IN 
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Figure 13. Write Cycle and Wiper Response Timing 


CLOCK 8 CLOCK 9 


WIPER 
OUTPUT 
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Preliminary Information 


ILOr 


68XX Microcontroller Family Compatible ® 

64K X68C64 8192 x 8 Bit 
E? Micro-Peripheral 

FEATURES DESCRIPTION 


CONCURRENT READ WRITE™ 
—Dual Plane Architecture 
—lIsolates Read/Write Functions 
Between Planes 
—Allows Continuous Execution of Code 
From One Plane While Writing in 
the Other Plane 
Multiplexed Address/Data Bus 
—Direct Interface to Popular 8-bit 
Microcontrollers, e.g., Motorola M6801/03, 
M68HC11 Family 
High Performance CMOS 
—Fast Access Time, 120 ns 
—Low Power 
—60 mA Maximum Active 
—500 pA Maximum Standby 
Software Data Protection 
Block Protect Register 
—Individually Set Write Lock Out in 1K Blocks 
Toggle Bit 
—Early End of Write Detection 
Page Mode Write 
—Allows up to 32 Bytes to be Written in 
One Write Cycle 
High Reliability 
—Endurance: 10,000 Write Cycles 
—Data Retention: 100 Years 


FUNCTIONAL DIAGRAM 


The X68C64 is an 8K x 8 E2PROM fabricated with 
advanced CMOS Textured Poly Floating Gate Technol- 
ogy. The X68C64 features a Multiplexed Address and 
Data bus allowing direct interface to a variety of popular 
single-chip microcontrollers operating in expanded mul- 
tiplexed mode without the need for additional interface 
Circuitry. 


The X68C64 is internally configured as two indepen- 
dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 
array and continue operation out of code stored in the 
other array; effectively eliminating the need for an aux- 
iliary memory device for code storage. 


To write to the X68C64, a three byte command 
sequence must precede the byte(s) being written. The 
X68C64 also provides a second generation software 
data protection scheme called Block Protect. Block 
Protect can provide write lockout of the entire device or 
selected 1K blocks. There are eight, 1K x 8 blocks that 
can be write protected individually in any combination 
required by the user. Block Protect, in addition to Write 
Control input, allows the different segments of the memory 
to have varying degrees of alterability in normal system 
operation. 


SOFTWARE 
DATA 
PROTECT 


1K BYTES 


1/0 & ADDRESS LATCHES AND BUFFERS 


A/DO—A/D7 
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CONCURRENT READ WRITE™ is a trademark of Xicor, Inc. 
© Xicor, 1991 Patents Pending 5-4 Characteristics subject to change without notice 


3868-2 


X68C64 


PIN DESCRIPTIONS 


Address/Data (A/D p—A/D7) 


Multiplexed low-order addresses and data. The ad- 
dresses flow into the device while AS is HIGH. After AS 
transitions from a HIGH to LOW the addresses are 
latched. Once the addresses are latched these pins 
input data or output data depending on E, R/W, and CE. 


Addresses (As—A42) 


High order addresses flow into the device when AS = Vy 
and are latched when AS goes low. 


Chip Enable (CE) 

The Chip Enable input must be HIGH to enable all read/ 
write operations. When CE is LOW and AS is LOW, the 
X68C64 is placed in the low power standby mode. 


Enable (E) 


When used with a MC6801 or MC6803 the E input is tied 
directly to the E output of the microcontroller. 


Read/Write (R/W) 


When used with a MC6801 or MC6803 the R/W input is 
tied directly to the R/W output of the microcontroller. 


Address Strobe (AS) 


Addresses flow through the latches to address decoders 
when AS is HIGH and are latched when AS transitions 
from a HIGH to LOW. 


Device Select (SEL) 
Must be connected to Vss. 


Write Control (WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input is 
useful in applications in which a power failure or proces- 
sor RESET could interrupt a page load cycle. In this 
case, the microcontroller might drive all signals HIGH, 
causing bad data to be latched into the E7PROM. If the 
Write Control input is driven HIGH (before trgic Max) 
after Read/Write (R/W) goes HIGH, the write cycle will 
be aborted. 


When WC is LOW (tied to Vsg) the X68C64 will be 
enabled to perform write operations. When WC is HIGH 
normal read operations may be performed, but all at- 
tempts to write to the device will be disabled. 


PIN CONFIGURATION 


DIP/SOIC 


6 1 
7 X68C64 
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Description 
Address Strobe 


Address Inputs/Data |/O 
Address Inputs 
E Enable Input 
Read/Write Input 
iS 


W 
Chip Enable 
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PRINCIPLES OF OPERATION 


The X68C6é4 is a highly integrated peripheral device for 
a wide variety of single-chip microcontrollers. The 
X68C64 provides 8K bytes of 5-volt E2-PROM which can 
be used either for Program Storage, Data Storage ora 
combination of both in systems based upon Von 
Neumann (68XX) architectures. The X68C64 incorpo- 
rates the interface circuitry normally needed to decode 
the control signals and demultiplex the Address/Data 
bus to provide a “ Seamless” interface. 


The interface inputs on the X68C64 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the appropriate single-chip 
microcontroller. 


The X68C64 is internally organized as two independent 
planes of 4K bytes of memory with the Ajo input select- 
ing which of the two planes of memory are to be 
accessed. While the processor is executing code out of 
one plane, write operations can take place in the other 
plane, allowing the processor to continue execution of 
code out of the X68C64 during a byte or page write to the 
device. 


The X68C64 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the device to be broken into 8 
independent sections of 1K bytes. Each of these sec- 
tions can be independently enabled for write operations; 
thereby allowing certain sections of the device to be 
secured so that updates can only occur in a controlled 
environment (e.g. in an automotive application, only at 
an authorized service center). The desired set-up con- 
figuration is stored in a nonvolatile register, ensuring the 
configuration data will be maintained after the device is 
powered down. 


The X68C64 also features a Write Control input (WC), 
which serves as an external control over the completion 
of a previously initiated page load cycle. 


The X68C64 also features the industry standard 5-volt 
E2PROM characteristics such a byte or page mode write 
and toggle-bit polling. 
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DEVICE OPERATION 


Motorola 68XX operation requires the microcontroller’s 
AS, E and R/W outputs tied to the X68C64 AS, E and 
R/W inputs respectively. 


The falling edge of AS will latch the addresses for both 
a read and write operation. The state of R/W output 
determines the operation to be performed, with the E 
signal acting as a data strobe. 


If R/W is HIGH and CE HIGH (read operation) data will 
be output on A/Do-A/D7 after E transitions HIGH. If 
R/W is LOW and CE is HIGH (write operation) data 
presented at A/Do—A/D7 will be strobed into the X68C64 
on the HIGH to LOW transition of E. 


Typical Application 


68HC11 
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MODE SELECTION 


RW vo | Power 
x | x | _Standby | HighZ | Standby (CMOS) 
[x [Standby [High 2 | Standby (TTL) 
Win [Readout Atv 
[Write [Dw | Active 


PAGE WRITE OPERATION 


Regardless of the microcontroller employed, the X68C64 requirements. The rising edge of E starts a timer delay- 
supports page mode write operations. This allows the ing the internal programming cycle 100 us. Therefore, 
microcontroller to write from one to thirty-two bytes of each successive write operation must begin within 100 
data to the X68C64. Each individual write within a page us of the last byte written. The following waveforms 
write operation must conform to the byte write timing illustrate the sequence and timing requirements. 


Page Write Timing Sequence for E Controlled Operation 


LAST BYTE AFTER tWC READY FOR 


OPERATION 
NEXT WRITE OPERATION 


w0o-W07 KXXAnK On XXXKANK Ow KK KKANK On] MXKAWK Ow XKKKANK On XXKKX AW ] 


| 1 | 1 ! 
mA) QLD (10) GEM 006 GLEN (10 GEESE 000) QLIERD (10 ET) 00 Cenc 
1 i l | | 
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Notes: (1) For each successive write within a page write cycle As—A;2 must be the same. 
(2) Although it is not illustrated, the microcontroller may interleave read operations between the individual byte writes within the page 
write operation. Two responses are possible. 
a. Reading from the same plane being written (A;2 of Read = Ayo of Write) is effectively a Toggle Bit Polling operation. 
b. Reading from the opposite plane being written (A;2 of Read # Ajo of Write) true data will be returned, facilitating the use of a 
single memory component as both program and data store. 
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Toggle Bit Polling When the internal cycle is complete the toggling will 


Because the X68C64 typical write timingislessthanthe C@ase and the device will be accessible for additional 
specified 5 ms, Toggle Bit Polling has been provided to read or write operations. Due to the dual plane architec- 
determine the early end of write. During the internal ture, reads for polling must occur in the plane that was 
programming cycle I/Og will toggle from one to zero and written; that is, the state of Ai2 during write must match 
zero to one on subsequent attempts to read the device. the state of Ay2 during polling. 


Toggle Bit Polling E Control 


OPERATION LAST BYTE /(O6=X 1/O6=X /O6=X /O6=X ' X68C64 READY FOR 


I 
WRITTEN NEXT OPERATION 


PeeeamU0 Gl) E00), G00). GERD, 0G) CE 00S 
SEC) GENO 0.0 LNB 0010 QELS. (100, LIND 0.000 EXE 010 CELT 
ot OA AOS SCC 
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DATA PROTECTION 


The X68C64 provides two levels of data protection 
through software control. There is a global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Protect write lock out 
protection providing a second level data security option. 


Writing with SDP 


WRITE AA 
TO X555 

WRITE 55 
TO XAAA 


WRITE AO 
TO X555 
EXIT ROUTINE 
X= Ajo: 


A,> = 1 IF DATATO BE WRITTEN IS WITHIN 
ADDRESS 1000 TO 1FFF. 
A,, = 0 IF DATA TO BE WRITTEN IS WITHIN 
ADDRESS 0000 TO OF FF. 


PERFORM BYTE 
OR PAGE WRITE 
OPERATIONS 


WAIT two 
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Software Data Protection 


Software data protection (SDP) is employed to protect 
the entire array against inadvertent writes. To write to 
the X68C64, a three byte command sequence must 
precede the byte(s) being written. 


All write operations, both the command sequence and 
any data write operations must conform to the page write 
timing requirements. 


Block Protect Write Lockout 


The X68C64 provides a second level of data security 
referred to as Block Protect write lockout. This is 
accessed through an extension of the SDP command 
sequence. Block Protect allows the user to lock out 
writes to 1K x 8 blocks of memory. Unlike SDP which 
prevents inadvertent writes, but still allows easy sys- 
tem access to writing the memory, Block Protect will 
lock out all attempts unless it is specifically disabled by 
the host. This could be used to set a higher level of 
protection in a system where a portion of the memory is 
used for Program Store and another portion is used as 
Data Store. 


Setting write lockout is accomplished by writing a five 
byte command sequence opening access to the Block 
Protect Register (BPR). After the fifth byte is written the 
user writes to the BPR selecting which blocks to protect 
or unprotect. All write operations, both the command 
sequence and writing the data to the BPR, must conform 
to the page write timing requirements. 


Block Protect Register Format 


MSB LSB 


Je] e}s}sj2}s [ol 


0000—-03FF 
0400-07FF 
0800—-OBFF 
OCOO—OFFF 
1000-13FF 
1400-17FF 
1800—1BFF 
1CO0—1 FFF 


1 = Protect, 0 = Unprotect Block Specified 
3868 FHD F11 


Setting BPR Command Sequence 


WRITE AA 
TO X555 


TO XAAA 


WRITE 55 


TO XAAA WRITE BPR 


MASK VALUE TO 
ANY ADDRESS 


WRITE AO 
TO X555 


WRITE AA 
TO X555 


A,. = 11F PROGRAM BEING EXECUTED IS 
WITHIN 0000 TO OFFF. 


A,. = 0 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN 1000 TO 1FFF. 
3868 FHD F12 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


FOS OG acess se dacnneseesdueteasaetianwevaral —10°C to +85°C 

ROGG C4 | acct onsrenn cotcccimipenanmenneraitans —65°C to +135°C 
Storage Temperature ..................0. —65°C to +150°C 
Voltage on any Pin with 

ROSDOCl 10 VSS. sin sisiasnesercenestnenaner saved —1.0V to +7V 
1, UE CUNO IAY siaerccrsecastieseden sie duataaeeeconanmntegasen 5 mA 
Lead Temperature 

(Soldering, 10 Seconds) .............eeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


ILO Output Leakage Current 
Input Low Voltage 1.0 
Input High Voltage 


mA | CE= VIL, All 1/O’s = Open, 
Other Inputs = Vcc, AS = VIH 


2.0 | 
| Vor | Output Low Voltage | | 


vA 
pA 
a ee 
cc+05] V | S—~CS 
Output High Voltage | 24 | | Vv | 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


X68C64 5V+10% 


CE = Vss, All I/O’s = Open, Other 
Inputs = Vcc —0.3V, AS = Vss 
CE = Vin, All I/O’s = Open, Other 
Inputs = ViH, AS = VIL 


LA Vin = GND to Vcc 
Vout = GND to Vcc, E = VIL 


loL = 2.1 MA 
IOH = —400 LA 


Input/Output Capacitance 


Cin(2) 


POWER-UP TIMING 


Power-Up to Write 


Input Capacitance ee ee ee 


Notes: (1) Vj, MIN and Vi MAX are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST TEST CIRCUIT 


Input Pulse Levels | OV to 3.0V 


5.0V 
Input Rise and 
Input and Output 
1370Q 100pF 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
E Controlled Read Cycle 


Enable Setup Time 


ecu KX Pour] }-—{X 


ALN : Nf / 
nin XX a: .-.. 
'EH 


PWewH 


tDHR 


HZ 
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Note: (3) This parameter is periodically sampled and not 100% tested. 
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E Controlled Write Cycle 


| Symbol | Parameter 
| PWash | Address Strobe Pulse Width | 80 
| tas. | Address SetupTime | 20 
| tae | AddressHoldTime | 8 
| tosw | iDataSetupTime | 
| tow | DataHoldTime | 8 
| tess | CE SetupTime | 
| PWeH | CE PulseWidth 120 
| Write CycleTime | 

| 30 

p20 

20 

05 | 


Setup Time 
E Hold Time 


Byte Load Time (Page Write) 


| tes | Enable Setup Time 


tBLC 


E Controlled Write Cycle 


K AAre XXXKXXXXXXKKKXAY 
'EH 
VV VVY 
Dhan: 


3868 FHD FO6 


Note: (4) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
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NOTES 


ae 
Preliminary Information 1k 


Z8® Microcontroller Family Compatible 
64K X86C64 8192 x 8 Bit 


E? Micro-Peripheral 


FEATURES DESCRIPTION 
© CONCURRENT READ WRITE™ The X86C64 is an 8K x 8 E2PROM fabricated with 
—Dual Plane Architecture advanced CMOS Textured Poly Floating Gate Technol- 
lsolates Read/Write Functions ogy. The X86C64 features a Multiplexed Address and 
Between Planes Data bus allowing direct interface to a variety of popular 
Allows Continuous Execution of Code single-chip microcontrollers operating in expanded mul- 
From One Plane While Writing in the Other tiplexed mode without the need for additional interface 
Plane Circuitry. 


Multiplexed Address/Data Bus 
—Direct Interface to Popular 8-bit 
Microcontrollers, e.g. Zilog Z8 Family 


The X86C64 is internally configured as two indepen- 
dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 


® High Performance CMOS array and continue operation out of code stored in the 
—Fast Access Time, 120 ns other array; effectively eliminating the need for an aux- 
—Low Power iliary memory device for code storage. 
60 mA Maximum Active 
200 pA Maximum Standby To write to the X86C64, a three byte command 
© Software Data Protection sequence must precede the byte(s) being written. The 
® Block Protect Register X86C64 also provides a second generation software 
—Individually Set Write Lock Out in 1K Blocks data protection scheme called Block Protect. Block 


Protect can provide write lockout of the entire device or 
selected 1K blocks. There are eight, 1K x 8 blocks that 
can be write protected individually in any combination 
required by the user. Block Protect, in addition to Write 
Control input, allows the different segments of the 
memory to have varying degrees of alterability in nor- 
mal system operation. 


Toggle Bit 

—Early End of Write Detection 

Page Mode Write 

—Allows up to 32 Bytes to be Written in 
One Write Cycle 

High Reliability 

—Endurance: 10,000 Write Cycle 

—Data Retention: 100 Years 


FUNCTIONAL DIAGRAM WC 


CONTROL SOFTWARE 
DATA 
PROTECT 


1K BYTES 


A/DO—A/D7 


: : : ; 3819 FHD FO2 
Z8® is a registered trademark of Zilog Corporation 

CONCURRENT READ WRITE™ is a trademark of Xicor, Inc. 
© Xicor, 1991 Patents Pending 5-11 Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Address/Data (A/D p—A/D7) 

Multiplexed low-order addresses and data. The ad- 
dresses flow into the device while AS is LOW. After AS 
transitions from a LOW to HIGH the addresses are 
latched. Once the addresses are latched these pins input 
data or output data depending on DS, R/W, and CE. 


Addresses (As—Aj2) 


High order addresses flow into the device when AS = Vi. 
and are latched when AS goes HIGH. 


Chip Enable (CE) 
The Chip Enable input must be HIGH to enable all read/ 


write operations. When CE is LOW and AS is HIGH, the 
X86C64 is placed in the low power standby mode. 


Data Strobe (DS) 


When used with a Z8 the DS input is tied directly to the 
DS output of the microcontroller. 


Read/Write (R/W) 


When used with a Z8 the R/W input is tied directly to the 
R/W output of the microcontroller. 


Address Strobe (AS) 


Addresses flow through the latches to address decoders 
when AS is LOW and are latched when AS transitions 
from a LOW to HIGH. 


Device Select (SEL) 
Must be connected to Vss. 


Write Control (WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input is 
useful in applications in which a power failure or proces- 
sor RESET could interrupt a page load cycle. In this 
case, the microcontroller might drive all signals HIGH, 
causing bad data to be latched into the E7PROM. If the 
Write Control input is driven HIGH (before ttgic Max) 
after Read/Write (R/W) goes HIGH, the write cycle will 
be aborted. 


When WC is LOW (tied to Vss) the X86C64 will be 
enabled to perform write operations. When WC is HIGH 
normal read operations may be performed, but all at- 
tempts to write to the device will be disabled. 


PIN CONFIGURATION 


DIP/SOIC 


6 1 
7 X86C64 
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PIN NAMES 


A 
C 

EL. 

oo 

CC 


Write Control 


AS 
D 
C 


Ground 


Supply Voltage 
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PRINCIPLES OF OPERATION 


The X86C64 is a highly integrated peripheral device for 
a wide variety of single-chip microcontrollers. The 
X86C64 provides 8K bytes of 5-volt E2PROM which can 
be used either for Program Storage, Data Storage ora 
combination of both in systems based upon Von 
Neumann (86XX) architectures. The X86C64 incorpo- 
rates the interface circuitry normally needed to decode 
the control signals and demultiplex the Address/Data 
bus to provide a “ Seamless” interface. 


The interface inputs on the X86C64 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the appropriate single-chip 
microcontroller. 


The X86C64 is internally organized as two independent 
planes of 4K bytes of memory with the Aj2 input select- 
ing which of the two planes of memory are to be 
accessed. While the processor is executing code out of 
one plane, write operations can take place in the other 
plane, allowing the processor to continue execution of 
code out of the X86C64 during a byte or page write to the 
device. 


The X86C64 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the device to be broken into 8 
independent sections of 1K bytes. Each of these sec- 
tions can be independently enabled for write operations; 
thereby allowing certain sections of the device to be 
secured so that updates can only occur in a controlled 
environment (e.g. in an automotive application, only at 
an authorized service center). The desired set-up con- 
figuration is stored in a nonvolatile register, ensuring the 
configuration data will be maintained after the device is 
powered down. 


The X86C64 also features a Write Control input (WC), 
which serves as an external control over the completion 
of a previously initiated page load cycle. 


The X86C64 also features the industry standard 5-volt 
E2PROM characteristics such a byte or page mode write 
and toggle-bit polling. 
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DEVICE OPERATION 


Zilog Z8 operation requires the microcontroller’s AS, DS 
and R/W outputs tied to the X86C64 AS, DS and 
R/W inputs respectively. 


The rising edge of AS will latch the addresses for both a 
read and write operation. The state of R/W output 
determines the operation to be performed, with the DS 
signal acting as a data strobe. 


If R/W is HIGH and CE HIGH (read operation) data will 
be output on A/Do-A/D7 after DS transitions LOW. If 
R/W is LOW and CE is HIGH (write operation) data 
presented at A/Do—A/D7 will be strobed into the X86C64 
on the LOW to HIGH transition of DS. 


Typical Application 


3819 FHD F03 
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MODE SELECTION 


pw Aative 


3819 PGM T08 


WO | Power 
DIN 


PAGE WRITE OPERATION 


Regardless of the microcontroller employed, the X86C64 requirements. The falling edge of DS starts a timer 
supports page mode write operations. This allows the delaying the internal programming cycle 100 us. There- 
microcontroller to write from one to thirty-two bytes of fore, each successive write operation must begin within 
data to the X86C64. Each individual write within a page 100 us of the last byte written. The following waveforms 
write operation must conform to the byte write timing illustrate the sequence and timing requirements. 


Page Write Timing Sequence for DS Controlled Operation 


OPERATION LAST BYTE AFTER tWC READY FOR 


NEXT WRITE OPERATION 
I 1 


wornoy EXPY Bax KRRNEAY i XRKNX a AX Pe MERKEN 2] 


| 1 READ (1)(2) 
| | ! 
| l | 
1 I | 


| | | I I 
Pre) QEXEEED (10) QEXEEMD (10) QELCEN (100 QED °10 QEESMD (0) QE} 00, CEI 
| | | | | 
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Notes: (1) For each successive write within a page write cycle As—A;2 must be the same. 
(2) Although it is not illustrated, the microcontroller may interleave read operations between the individual byte writes within the page 
write operation. Two responses are possible. 
a. Reading from the same plane being written (Aj2 of Read = Ayo of Write) is effectively a Toggle Bit Polling operation. 
b. Reading from the opposite plane being written (Aj,2 of Read + Ajo of Write) true data will be returned, facilitating the use of a 
single memory component as both program and data store. 


X86C64 


Toggle Bit Polling 


Because the X86C64 typical write timing is less than the 
specified 5 ms, Toggle Bit Polling has been provided to 
determine the early end of write. During the internal 
programming cycle |/Og will toggle from one to zero and 
zero to one on subsequent attempts to read the device. 


Toggle Bit Polling DS Control 


OPERATION LAST BYTE 


V/O6=X 
WRITTEN 
i 


When the internal cycle is complete the toggling will 
cease and the device will be accessible for additional 
read or write operations. Due to the dual plane architec- 
ture, reads for polling must occur in the plane that was 
written; that is, the state of Ay2 during write must match 
the state of Ajo during polling. 


J VO6=X I V/O6=X | X68C64 READY FOR 
NEXT OPERATION 
1 1 

1 i 


XX AX On XO AINXCOUTRAD AI) COUT AX AIX COUT AIN COUT AN | 


| ! l | | 
00, SEI 10,0 GESESID 1.050 ESE (0.0.0, GEE 110.0, GEE 010.0 GE 
| ! ! ! 


Bs VS! VS VA z } 


XXX/ XY/ 
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DATA PROTECTION 


The X86C64 provides two levels of data protection 
through software control. There is a global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Protect write lock out 
protection providing a second level data security option. 


Writing with SDP 


WRITE AA 
TO X555 
WRITE 55 
TO XAAA 


PERFORM BYTE 
OR PAGE WRITE 
OPERATIONS 


WAIT two 
EXIT ROUTINE 
X= A,>: 


A,. = 1 IF DATATO BE WRITTEN IS WITHIN 
ADDRESS 1000 TO 1FFF. 

A,. = 0 IF DATATO BE WRITTEN IS WITHIN 
ADDRESS 0000 TO OFFF. 


WRITE AO 
TO X555 
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Software Data Protection 


Software data protection (SDP) is employed to protect 
the entire array against inadvertent writes. To write to 
the X86C64, a three byte command sequence must 
precede the byte(s) being written. 


All write operations, both the command sequence and 
any data write operations must conform to the page write 
timing requirements. 


Block Protect Write Lockout 


The X86C64 provides a second level of data security 
referred to as Block Protect write lockout. This is 
accessed through an extension of the SDP command 
sequence. Block Protect allows the user to lock out 
writes to 1K x 8 blocks of memory. Unlike SDP which 
prevents inadvertent writes, but still allows easy sys- 
tem access to writing the memory, Block Protect will 
lock out all attempts unless it is specifically disabled by 
the host. This could be used to set a higher level of 
protection in a system where a portion of the memory is 
used for Program Store and another portion is used as 
Data Store. 


Setting write lockout is accomplished by writing a five 
byte command sequence opening access to the Block 
Protect Register (BPR). After the fifth byte is written the 
user writes to the BPR selecting which blocks to protect 
or unprotect. All write operations, both the command 
sequence and writing the data to the BPR, must conform 
to the page write timing requirements. 


Block Protect Register Format 


MSB LSB 


BOB GE 


BLOCK 
ADDRESS 
0000—03FF 
0400-07FF 
0800—OBFF 
OCOO0—OF FF 
1000—-13FF 
1400—17FF 
1800—1BFF 
1CO0—-1FFF 


1 = Protect, 0 = Unprotect Block Specified 
3819 FHD F11 


Setting BPR Command Sequence 


WRITE AA 
TO X555 


WRITE BPR 
MASK VALUE TO 
ANY ADDRESS 


WRITE AO 
TO X555 


WAIT two 


WRITE AA 
TO X555 


EXIT ROUTINE 


A, = 1 IF PROGRAM BEING EXECUTED IS 
WITHIN 0000 TO OFFF. 


Aj. = 0 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN 1000 TO 1FFF. 
3819 FHD F12 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias Stresses above those listed under “Absolute Maximum 
MBG GGG vcxrinccansacsvciaeedinniatsonesainssaes —10°C to +85°C Ratings” may cause permanent damage to the device. 
ROG CGA iccsasanwinnicscnassresnoanvendacaaves —65°C to +135°C This is a stress rating only and the functional operation of 
Storage Temperature ...................... —65°C to +150°C the device at these or any other conditions above those 
Voltage on any Pin with indicated in the operational sections of this specification is 
Respect to VSS ........... ce eeeeesessseeeeeees —1.0V to +7V not implied. Exposure to absolute maximum rating condi- 
D.C. OUT CONC sveccaservstecerscumcereesemmmeienicens 5mA tions for extended periods may affect device reliability. 
Lead Temperature 
(Soldering, 10 Seconds) ................ceeeeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage Limits 
X86C64 5V + 10% 


3819 PGM T03 


3819 PGM T02 


eee 
Vcc Current (Standby) a 
Vcc Current (Standby) . 


| Max. 

a i CE = Vi, All I/O’s = Open, 
Other Inputs = Vcc, AS = VIL 

ee | eee 
Inputs = Vcc —0.3V 

aia CE = Vin, All I/O’s = Open, Other 
Inputs = Vin 
lu Vin = GND to Vc 


| 10 
Vout = GND to Vcc, DS = ViH 
“10 | 08 | OVOP 
Input High Voltage Veo+O5]} Vo fo 
Output High Voltage 


3819 PGM T04 


VOH 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V 


Symbol | Test 


Input/Output Capacitance 
Input Capacitance 


POWER-UP TIMING 


[symbot[ SC arameter 


Power-Up to Read 
Power-Up to Write 


3819 PGM TO6 
Notes: (1) Vi, MIN and Vi MAX are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST EQUIVALENT A.C. TEST CIRCUIT 


Fitna |e 
Fall Times 10ns 
it oy 
Timing Levels 1.5¥ 


3819 PGM T07 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
DS Controlled Read Cycle 


3819 PGM TO9 


tes 
'bSH 


AS 
} ane Soa A Pour] Xk 
XW 


tDHR 
Uk AeAr2 AXKAXKAAXAAAAX a 
tHz 


1 ee 
DSH 


PWosH 
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Note: (3) This parameter is periodically sampled and not 100% tested. 


5-18 


X86C64 


DS Controlled Write Cycle 


ee 
| PWash | Address Strobe PulseWidth =| 80] | es 
[tas dS Address SetupTime—SSCSC=~sSC“‘(OS™S™C*SOCdCns 
tas Address Hold Time —=~=“~*“~*~srSC“‘“ SSCS 
~tosw | Data Setup Time —Ss—=“—*~sSC‘“‘;SSCdSS 
a 0 
“tos SE SetupTime—SSCSC~=<“S*~sSC“‘iSC*dS 
PWosn | DS Pulse Width ——SOSC~=~“~“~*~*~sC*‘“‘ COSC*dSSSCSCSCSCS*S 
i Cs 


0 

0 

0 
we | Wte CycieTime SiS 
[toss [Enable SetupTime——S~SCS*~i 
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t 


AS 
v 


\ AIN 
OA AXA AY 
'DSH 
| XEN 


3819 FHD FO6 


Note: (4) twcis the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
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NOTES 


IL 
Preliminary Information ‘ 


8051 Microcontroller Family Compatible 
64K X88C64 8192 x 8 Bit 


E? Micro-Peripheral 


FEATURES DESCRIPTION 

© CONCURRENT READ WRITE™ The X88C64 is an 8K x 8 E?PROM fabricated with 
—Dual Plane Architecture advanced CMOS Textured Poly Floating Gate Tech- 
—Isolates Read/Write Functions nology. The X88C64 features a Multiplexed Address 
Between Planes and Data bus allowing direct interface to a variety of 
—Allows Continuous Execution of Code popular single-chip microcontrollers operating in ex- 
From One Plane While Writing in panded multiplexed mode without the need for addi- 

the Other Plane tional interface circuitry. 


Multiplexed Address/Data Bus 

—Direct Interface to Popular 8051 Family 
High Performance CMOS 

—Fast Access Time, 120 ns 


The X88C64 is internally configured as two indepen- 
dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 
array and continue operation out of code stored in the 


—Low Power — other array; effectively eliminating the need for an 
—60 mA Active Maximum auxiliary memory device for code storage. 
—500 nA Standby Maximum 
® Software Data Protection To write to the X88C64, a three byte command 
® Block Protect Register sequence must precede the byte(s) being written. The 
—Individually Set Write Lock Out in 1K Blocks X88C64 also provides a second generation software 
® Toggle Bit data protection scheme called Block Protect. Block 
—Early End of Write Detection Protect can provide write lockout of the entire device or 
® Page Mode Write selected 1K blocks. There are eight, 1K x 8 blocks that 


can be write protected individually in any combination 


—Allows up to 32 Bytes to be Written in we 
required by the user. Block Protect, in addition to Write 


One Write Cycle 
© High Reliability Control input, allows the different segments of the 
—Endurance: 10,000 Write Cycle memory to have varying degrees of alterability in nor- 


—Data Retention: 100 Years mal system operation. 


FUNCTIONAL DIAGRAM 


CE 
WR 


A12 


SOFTWARE 
DATA 
PROTECT 


CONTROL 
LOGIC 


1K BYTES 


Ag-A44 


Y DECODE 


(0 & ADDRESS LATCHES AND BUFFERS 


A/Dp-A/Dz 3867 FHD F02 


CONCURRENT READ WRITE™ is a trademark of Xicor, Inc. 


© Xicor, 1991 Patents Pending 5-21 Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Address/Data (A/Do—A/D7) 


Multiplexed low-order addresses and data. The Ad- 
dresses flow into the device while ALE is HIGH. After 
ALE transitions from a HIGH to LOW the addresses are 
latched. Once the addresses are latched these pins 
input data or output data depending on RD, WR, PSEN 
and CE. 


Addresses (As—A12) 

High order addresses flow into the device when ALE = 
Vin and are latched when ALE goes low. 

Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH and ALE is LOW, 
the X88C64 is placed in the low power standby mode. 


Program Store Enable (PSEN) 


When the X88C64 is to be used in a 8051 based 
system, PSEN is tied directly to the microcontroller’s 
PSEN output. 


Read (RD) 


When the X88C64 is to be used in a 8051 based 
system, RD is tied directly to the microcontroller’s RD 
output. 


Write (WR) 


When the X88C64 is to be used in a 8051 based 
system, WR is tied directly to the microcontrollers WR 
output. 


Address Latch Enable (ALE) 


Addresses flow through the latches to address decod- 
ers when ALE is HIGH and are latched when ALE 
transitions from a HIGH to LOW. 


Write Control (WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input is 
useful in applications in which a power failure or pro- 
cessor RESET could interrupt a page load cycle. Inthis 
case, the microcontroller might drive all signals HIGH, 
causing bad data to be latched into the E7PROM. If the 
Write Control input is driven HIGH (before tgic Max) 
after Write (WR) goes HIGH, the write cycle will be 
aborted. 
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When WC is LOW (tied to Vsg) the X88C64 will be 
enabled to perform write operations. When WC is 
HIGH normal read operations may be performed, but 
all attempts to write to the device will be disabled. 


PIN CONFIGURATION 


DIP/SOIC 


3867 FHD F011 


PIN NAMES 


Symbol Description 


ALE _|_AddressLatch Enable 
TRO | Readinput 
TWA [Write input 
—PSEN | Program Stor Erabie nput 
WE Wie Conte 
[vec | Supply Votage 
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PRINCIPLES OF OPERATION 


The X88C64 is a highly integrated peripheral device for 
a wide variety of single-chip microcontrollers. The 
X88C64 provides 8K bytes of 5-volt E2PROM which can 
be used either for Program Storage, Data Storage ora 
combination of both in systems based upon Harvard 
(80XX) architectures. The X88C64 incorporates the 
interface circuitry normally needed to decode the control 
signals and demultiplex the Address/Data bus to pro- 
vide a “Seamless” interface. 


The interface inputs on the X88C64 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the appropriate single-chip 
microcontroller. Inthe Harvard type system, the reading 
of data from the chip is controlled either by the PSEN or 
the RD signal, which essentially maps the X88C64 into 
both the Program and the Data Memory address map. 


The X88C64 is internally organized as two independent 
planes of 4K bytes of memory with the Ajo input select- 
ing which of the two planes of memory are to be 
accessed. While the processor is executing code out of 
one plane, write operations can take place in the other 
plane, allowing the processor to continue execution of 
code out of the X88C64 during a byte or page write to the 
device. 


The X88C64 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the device to be broken into 8 
independent sections of 1K bytes. Each of these sec- 
tions can be independently enabled for write operations; 
thereby allowing certain sections of the device to be 
secured so that updates can only occur in a controlled 
environment (e.g. in an automotive application, only at 
an authorized service center). The desired set-up con- 
figuration is stored in a nonvolatile register, ensuring the 
configuration data will be maintained after the device is 
powered down. 


The X88C64 also features a Write Control input (WC), 
which serves as an external control over the completion 
of a previously initiated page load cycle. 


The X88C64 also features the industry standard 5-volt 
E2PROM characteristics such as byte or page mode 
write and toggle-bit polling. 
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DEVICE OPERATION 


Modes 
Mixed Program/Data Memory 


By properly assigning the address spaces, a single 
X88C64 can be used as both the Program and Data 
Memory. This would be accomplished by connecting all 
the 8051 control outputs to the corresponding inputs of 
the X88C64. 


In this configuration, one plane of memory could be 
dedicated to Program Store and the other plane dedi- 
cated to Data Store. The Data Store can be fully pro- 
tected by enabling block protect write lock out. 


TYPICAL APPLICATION 


3867 FHD F03 


Program Memory Mode 


This mode of operation is read only. The PSEN and ALE 
inputs of the X88C64 are tied directly to the PSEN and 
ALE outputs of the microcontroller. The RD and WR 
inputs are tied HIGH. 


When ALE is HIGH, the A/Dp—A/D7 and Ag—Ajo ad- 
dresses flow into the device. The addresses, both low 
and high order, are latched when ALE transitions LOW 
(Vi_). PSEN will then go LOW and after tp, py, valid data 
is presented on the A/Do—A/D7 pins. CE must be LOW 
during the entire operation. 


X88C64 


DATA MEMORY MODE addresses and the data will be output on the AD pins 


This mode of operation allows both read and write after RD goes LOW (trpv). 
functions. The PSEN input is tied to Vjy or to Vcc Write 
through a pullup resistor. The ALE, RD and WR inputs A wile) ; 
erg — write is performed by latching the addresses on the 
are tied directly to the microcontrollers ALE, RD andWR falling ed a of ALE. Thon WH ie virobe d low followed by 


puIpurs. valid data being presented at the A/Dp—A/D7 pins. The 
Read data will be latched into the X88C64 on the rising edge 
of WR. To write to the X88C64, a three byte command 
sequence must precede the byte(s) being written. (See 
Software Data Protection.) 


| vo | Power 
ViH 
ViH 
pve | | Write || Active SO 


This operation is quite similar to the Program Memory 
read. A HIGH to LOW transition on ALE latches the 


MODE SELECTION 
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PAGE WRITE OPERATION write operation must conform to the byte write timing 
requirements. The falling edge of WR starts a timer 
delaying the internal programming cycle 100 us. There- 
fore, each successive write operation must begin within 
100 us of the last byte written. The following waveforms 
illustrate the sequence and timing requirements. 


Regardless of the microcontroller employed, the X¥88C64 
supports page mode write operations. This allows the 
microcontroller to write from one to thirty-two bytes of 
data to the X88C64. Each individual write within a page 


Page Write Timing Sequence for WR Controlled Operation 


LASTBYTE !'  READ(1)(2) |! AFTER tWC READY FOR 
NEXT WRITE OPERATION 


woarnor AXXSNX 21 AAWASNK ts HII Sn) AXON Os KAIKOURA [OX 


| | I | I 
Dem AA QEXIEND (00 QEEMD 1.00 QIN) 00) QEXEEMD (100 QECCERD 1050 QCCELI/ 00009 QE 
| | | | | 


3867 FHD F08 


Notes: (1) For each successive write within a page write cycle As—A;2 must be the same. 
(2) Although it is not illustrated, the microcontroller may interleave read operations between the individual byte writes within the page 
write operation. Two responses are possible: 
a. Reading from the same plane being written (Ajo of Read = Ajo of Write) is effectively a Toggle Bit Polling operation. 
b. Reading from the opposite plane being written (Ajo of Read # Ayo of Write) true data will be returned, facilitating the use of a 
single memory component as both program and data store. 
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TOGGLE BIT POLLING 


Because the X88C64 typical write timing is less than the 
specified 5 ms, Toggle Bit Polling has been provided to 
determine the early end of write. During the internal 
programming cycle I/Og will toggle from one to zero and 
zero to one on subsequent attempts to read the device. 


Toggle Bit Polling RD/WR Control 


OPERATION LAST BYTE 
WRITTEN 


When the internal cycle is complete the toggling will 
cease and the device will be accessible for additional 
read or write operations. Due to the dual plane architec- 
ture, reads for polling must occur in the plane that was 
written; that is, the state of A;2 during write must match 
the state of Ay2 during polling. 


V/O6=X ' X88C64 READY FOR 
! NEXT OPERATION 
1 


Morr AKAN Om KON COUT OA OUY AAW COUTAAANCOUTAAAX ANI 


I | l | I 
re®ro XXX A129 XK A129 KK A120 TA Az XK Az XX ADOR | 
| | 1 | ! 
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DATA PROTECTION 


The X88C64 provides two levels of data protection 
through software control. There is a global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Protect write lock out 
protection providing a second level data security option. 


SOFTWARE DATA PROTECTION 


Software data protection (SDP) is employed to protect the 
entire array against inadvertent writes. To write to the 
X88C64, a three byte command sequence must precede 
the byte(s) being written. All write operations, both the 
command sequence and any data write operations must 
conform to the page write timing requirements. 


Writing with SDP 


WRITE AA 
TO X555 


WRITE AO 
TO X555 


PERFORM BYTE 
OR PAGE WRITE 
OPERATIONS 


WAIT tweo 
EXIT ROUTINE 


Block Protect Write Lockout 


The X88C64 provides a second level of data security 
referred to as Block Protect write lockout. This is ac- 
cessed through an extension of the SDP command 
sequence. Block Protect allows the user to lock out 
writes to 1K x 8 blocks of memory. Unlike SDP which 
prevents inadvertent writes, but still allows easy system 
access to writing the memory, Block Protect will lock out 
all attempts unless it is specifically disabled by the host. 
This could be used to set a higher level of protection in 
a system where a portion of the memory is used for 
Program Store and another portion is used as Data 
Store. 


X=A,,: 


A12 = 11F DATATO BE 
WRITTEN IS WITHIN 
ADDRESS 1000 TO 1FFF. 
A12 =0 IF DATATO BE 
WRITTEN IS WITHIN 
ADDRESS 0000 TO OF FF. 
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Setting write lockout is accomplished by writing a five 
byte command sequence opening access to the Block 
Protect Register (BPR). After the fifth byte is written the 
user writes to the BPR selecting which blocks to protect 
or unprotect. All write operations, both the command 
sequence and writing the data to the BPR, must conform 
to the page write timing requirements. 


Block Protect Register Format 


MSB LSB 


7 )8] 8 [ats be] 4 fo] 


BLOCK 
ADDRESS 
0000—03FF 
0400-07FF 
0800-O0BFF 
OCO0O-OF FF 
1000—13FF 
1400—-17FF 
1800—1BFF 
1C00-1F FF 


1 = Protect, 0 = Unprotect Block Specified 9867 FHD F12 


Setting BPR Sequence 


WRITE CO 
TO XAAA 


WRITE BPR 
MASK VALUE TO 
ANY ADDRESS 


WAIT two 


(BPR REGISTER SET) 


EXIT ROUTINE 


X=A,,: 

A, = 1 IF PROGRAM BEING EXECUTED 
RESIDES WITHIN ADDRESS 0000 TO OFFF. 
A,> = 0 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN ADDRESS 1000 TO 1FFF. 
3867 FHD F13 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 


REG x ctererese houses devecttencensyaeapsaies —10°C to +85°C 

KOSC GAN cess. ctircerecieanstevaseinsononwed -65°C to +135°C 
Storage Temperature .................. —65°C to +150°C 
Voltage on any Pin with 

Respect to VSS ......ecccceeeeeeeeeeeeeeeeeee —1.0V to +7V 
D.C. Output Current ................. eee eeecsssereenereereeees 5mA 
Lead Temperature 

(Soldering, 10 Seconds) ..............:eeseeeeeeeeeees 300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 


3867 PGM T02 


Symbol 


aa Vcc Current (Active) 


— 
Ln boc aned ME 
_ 
10 
2.0 
eee 


| Iu | Input Leakage Current 


Lal Output Leakage Current 


Icc 

IL 

ILO 
Vic(3) Input Low Voltage -1.0 

Input High Voltage 

Output Low Voltage 

Output High Voltage 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V 


Symbol 


POWER-UP TIMING 


a ee eee 
Input/Output Capacitance 
Input Capacitance | 


Power-Up to Write ee ee 


“COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


X88C64 5V+10% 
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CE = RD = Vi, All I/O's = 
Open,Other Inputs = Vcc 
CE = Vcc —0.3V, All I/O's = 
Open,Other Inputs = Vcc — 
0.3V, ALE = ViL 
CE = Vin, All I/O’s = Open, Other 
Inputs = Vio, ALE = VIL 


Vout = GND to Vcc, 
RD = ViH = PSEN 
loL = 2.1 MA 

IOH = —400 LA 


3867 PGM T04 


3867 PGM T06 


Notes: (3) Vj. MIN and Vj} MAX are for reference only and are not tested. 


(4) This parameter is periodically sampled and not 100% tested. 


X88C64 


A.C. CONDITIONS OF TEST EQUIVALENT A.C. TEST CIRCUIT 
5.0V 


fits” | on 

Fall Times 10ns 

feng | oy 
Timing Levels lov 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
PSEN Controlled Read Cycle 


ALE Pulse Width 
Address Setup Time 
Address Hold Time 


PSEN to Output in Low Z 


PSEN Controlled Read Timing Diagram 


tPLDx (5) 
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CE 


tLHLL tPH 
ALE 


TAVLL 


moray XX Aw | —AXXXXXMA Pour | __AAAAAXXXXXKK) 


mero XX | AXA ERDBESSI IY) 


PWe_ 


PSEN 
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Note: (5) This parameter is periodically sampled and not 100% tested. 
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RD Controlled Read Cycle 


| symbol | Parameter, | Min. =| Max. | Units 
tie | ALE PulseWidth | ts 
P tau SC Adress SetupTime—=S=~=“~*~sSC‘“‘ OSSC*dSC(‘“‘CSSCSC#*d'SCOUC*és SC 
[tax | Address Hold Time —=S=S~=~—<—~SSSdYSSSSC~dCSCis 
[“triov | AD Read AccessTime —=—=SC~dSCtC=“‘“‘~*srSCS*~‘aOSC*dSCSCi‘isS 
[tanox | DataHoldTime—=—SsSC=“‘*‘“*S*~—rSCS(“‘(OC*dSOCSS 

[teu | Chip Enable Setup Time —S=—=—~idSC“‘ SC‘ 

PWat | Pulse With ———SSSCSC~<~*~“<~rtSC‘SSCdSCS*d ns 
[—taos «| SSD Setuptime ——SSs—~—“—~*~*~*~sSC“‘ OCS 

[tron | AD Hold Time —S—Ss=~—~—~“—*S*sSC“‘ SSC 

[tanoz@ | AD Disable to OulputinighZ id 

[taux ® | ADtoOutputintowZ——SSCidSCCi 


RD Controlled Read Timing Diagram 
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TLHLL 


NDg-AD7 XX) Cat} wear IY 


tRLDX 
'RLDV 


rere X | AXA AA AAABBBESS AXA) 


tRDS PWay 
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Note: (6) This parameter is periodically sampled and not 100% tested. 
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X88C64 


WR Controlled Write Cycle 


| Symbol | Parameter, | Min. =| Max, | Units 
ttt ___ALE Fuse wiai_—_1_ap__{ _{__e__ 
pita | Address SetupTime | 20 

a 1h ae oe a VT ee 
| tovwH | DataSetupTime | Pts 
| twHox | DataHoldTime | 8 ts 
| ten | ChipEnableSetupTime | 7s 
| twiwH | WR PulseWidth | 120s 
| twas | WRSetupTime 8 Ps 
) otwaH | WR HoldTime | ts 
| tec |  ByteLoadTime (Page Write) | 0.5 | 100 | ss 
| two | WriteCycleTime | ms 
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WR Controlled Write Timing Diagram 


tLHLL 


nog ao, TX rte eT TIRE 
bedi KX] RXR KKK ABER KKK KERN) 


twrRs tWLWH 
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Note: (7) twcis the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically complete the internal write operation. 
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X88C64 


NOTES 
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Fact Sheet 


68XX Microcontroller Family Compatible 


X68C75 


8K 


8192 x 8 Bit 


Nonvolatile Program/Data Memory and I/O Port Expander 


FEATURES 


Highly Integrated Microcontroller Peripheral 
—8K Bytes of 5-Volt Byte-Alterable Nonvolatile 
Memory 
—Nonvolatile Memory May Be Used for Program 
Storage, Data Storage or Both 
—Two General Purpose 8-Bit Bidirectional I/O 
Ports 
—Internal Programmable Address Decoding 
CONCURRENT READ WRITE™ 
—Dual Plane Architecture 
—lIsolates Read/Write Functions Between 
Planes 
—Allows Continuous Execution of Code from 
One Plane While Writing in the Other Plane 


FUNCTIONAL DIAGRAM 


ADDRESS BUS 


LEFT PLANE | RIGHT PLANE 


[Ss AADDRESS 


Ag-Ai5 


I 


A/Dp-A/D7 


DECODE 


LATCH 


1/0 
BUFFER 
& 


LATCH 


MASTER 


CONCURRENT READ WRITE™ is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending 
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CONFIG 
REGISTER 


Multiplexed Address/Data Bus 
—Direct Interface to Popular Microcontrollers 
—68HC11 Family 
High Performance CMOS 
—Fast Access Time, 120 ns 
—Low Power 
—40 mA Active 
—100 uA Standby 
Software Data Protection 
—Protect Entire Array During Power-up/-down 
Block Protect Register 
—Set Write Lock Out in 1K Blocks 
Toggle BIT 


DECODE 


STRA 
A ial PAO—PA7 
RT Togo. 
- jana 


STRB 


PBO—PB7 


——— 


PORT 
SPECIAL 
FUNCTION 
REGISTERS 
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Characteristics subject to change without notice 


X68C75 


DESCRIPTION 


The X68C75 is a highly integrated peripheral for the 
68HC11 family of microcontrollers. The device inte- 
grates 8K Bytes of 5-Volt byte-alterable nonvolatile 
memory, two Bidirectional 8-Bit Ports, programmable 
internal address decoding and a multiplexed Address 
and Data Bus. 


The 5-Volt byte-alterable nonvolatile memory can be 
used as program storage, data storage or acombination 
of both. The memory array is Separated into two 4K byte 
sections which allows read accesses to one-half while a 
write operation is taking place in the other half. The 
nonvolatile memory also features Software Data Pro- 
tection to protect the contents during power transitions, 
and an advanced Block Protect Register which allows 
individual blocks of the memory to be configured as 
Read only or Read/Write. 


Each bidirectional port consists of eight General Pur- 
pose I/O lines and one data strobe line. The ports also 
feature a configurable Interrupt Request output. 


Access to the X68C75 is accomplished through the 
multiplexed Address/Data bus of the type controller. An 
internal programmable address decoder maps the inter- 
nal memory and register locations into the desired 
address space. 


PIN NAMES 


Symbol 
Address Strobe 
A/Do—A/D7 Address Inputs/Data I/O 
Address Inputs 


E 


PBo-PB7 Port B I/O Lines 
CRG | Interupi Request Opal 
Supply Voltage 


R/ 
SEL 
WC 
CE 


> 
9 =| 
1 
> 


3828 PGM T01 
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PIN CONFIGURATION 


2 3 
X68C75 
3 3 


A/Ds 
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X68C75 


PIN DESCRIPTIONS 


Address/Data (A/D o—A/D7) 


Multiplexed low-order addresses and data. The ad- 
dresses flow into the device while AS is HIGH. After AS 
transitions from a HIGH to LOW the addresses are 
latched. Once the addresses are latched these pins 
input data or output data depending on E, R/W, and CE. 


Addresses (As—Aj5) 


High order addresses flow into the device when AS = Vy 
and are latched when AS goes low. In addition, A;3, A14 
and Ajs5 are internally decoded to generate an Internal 
Chip Enable signal, thus eliminating the need for an 
external address decoder. 

Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all read/ 
write operations. When CE is LOW and AS is LOW, the 
X68C75 is placed in the low power standby mode. 
Enable (E) 

When used with a MC6801 or MC6803 the E input is tied 
directly to the E output of the microcontroller. 
Read/Write (R/W) 

When used with a MC6801 or MC6803 the R/W input is 
tied directly to the R/W output of the microcontroller. 
Address Strobe (AS) 

Addresses flow through the latches to address decoders 
when AS is HIGH and are latched when AS transitions 
from a HIGH to LOW. 

Device Select (SEL) 

Must be connected to Vss. 
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Write Control (WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input is 
useful in applications in which a power failure or proces- 
sor RESET could interrupt a page load cycle. In this 
case, the microcontroller might drive all signals HIGH, 
Causing bad data to be latched into the E2PROM. If the 
Write Control input is driven HIGH (ttgLc Max) after 
Read/Write (R/W) goes HIGH, the write cycle will be 
aborted. When WC is LOW (tied to Vss) the X68C75 will 
be enabled to perform write operations. When WC is 
HIGH normal read operations may be performed, but all 
attempts to write to the device will be disabled. 


RESET (RESET) 

The RESET input is usedto reset the X68C75 to an initial 
state. Upon completion of the reset sequence, the 
X68C75 I/O ports will be configured as inputs, and all 
interrupts will be disabled. 

Port A (PAg-PA7) 

The PAg—PA7 are the inputs or outputs of Port A. 

Port B (PBo-PB7) 

The PBo-PB7 are the inputs or outputs of Port B. 

Port Strobes A and B (STRA, STRB) 


These signals are used to latch data either into or out of 
the respective Ports A and B. 


Interrupt Request Output (IRQ) 


The interrupt request output can be configured to gen- 
erate an interrupt request to the microcontroller in the 
event of a valid transition on the STRA or STRB inputs. 


X68C75 


PRINCIPLES OF OPERATION 


The X68C75 incorporates a specialized interface which 
utilizes the control signals and multiplexed Address/ 
Data bus of the 8051 type of microcontroller to provide 
a "seamless" interface. 


The control inputs on the X68C75 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the 68HC11 type of microcontroller. 


The falling edge of AS will latch the addresses for both 
a read and write operation. The state of R/W output 
determines the operation to be performed, with the E 
signal acting as a data strobe. 


If R/W is HIGH and CE HIGH (read operation) data will 
be output on A/Do—A/D7 after E transitions HIGH. If R/W 
is LOW and CE is HIGH (write operation) data presented 
at A/Dp—A/D7 will be strobed into the X68C64 on the 
HIGH to LOW transition of E. 


The nonvolatile memory of the X68C75 is internally 
organized as two independent arrays of 4K bytes of 
memory with the Ayo input selecting which of the two 
blocks of memory are to be accessed. While the proces- 
sor is executing code out of one block, write operations 


Typical 68HC11/X68C75 System 


68HC11 
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can take in the other block; allowing the processor 
to continue execution of code out of the X68C75 
during a byte or page write to the device. This is called 
CONCURRENT READ WRITE™ feature. 


The X68C75 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the nonvolatile memory array to be 
broken into 8 independent sections of 1K Bytes Each of 
these sections can be independently enabled for write 
operations. This allows segmentation of the memory 
contents into writable and non-writable sections, thereby, 
allowing certain sections of the device to be secured so 
that updates can only occur in a controlled environment. 
(e.g. in an automotive application, only at an authorized 
service center). The block protect configuration is stored 
ina nonvolatile register, ensuring the configuration data 
will be maintained after the device is powered down. 


The X68C75 also features a Write Control (WC) which 
serves as an external control over the completion of a 
previously initiated page load cycle. 


The X68C75 also features the industry standard 5-volt 
E2PROM characteristics such as byte or page mode 
write and toggle-bit polling. 


X68C75 
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we 
Fact Sheet |e 


8051 Microcontroller Family Compatible ® 
8K X88C75 8129 x 8 Bit 


Nonvolatile Program/Data Memory and I/O Port Expander 


FEATURES 
¢ Highly Integrated Microcontroller Peripheral ¢ Multiplexed Address/Data Bus 
—8K Bytes of 5-Volt Byte-Alterable Nonvolatile —Direct Interface to Popular Microcontrollers 
Memory —8051 Family 
—Nonvolatile Memory May Be Used for Program ¢ High Performance CMOS 
Storage, Data Storage or Both —Fast Access Time, 120 ns 
—Two General Purpose 8-Bit Bidirectional I/O —Low Power 
Ports —40 mA Active 
—Internal Programmable Address Decoding —100 uA Standby 
° CONCURRENT READ WRITE™ ¢ Software Data Protection 
—Dual Plane Architecture —Protect Entire Array During Power-up/-down 
—lIsolates Read/Write Functions Between ¢ Block Protect Register 
Planes —Set write Lock Out in 1K Blocks 
—Allows Continuous Execution of Code from ¢ Toggle Bit 
One Plane While Writing in the Other Plane 
FUNCTIONAL DIAGRAM 
ADDRESS BUS 16 


[ADDRESS 


Ag-A45 
LATCH 


/O 
BUFFER 
& 
LATCH 


STRA 
ia eu PAO—PA7 
A 
= . 


STRB 
CE PO 
a B PBO-PB7 
ALE oe 
PSEN 
_ MASTER 
RD CONTROL 
—_ LOGIC 
WR 
are | 
RESET aa 
sn SPECIAL 
IRQ DECODE CONFIG 


REGISTERS 
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CONCURRENT READ WRITE™ is a trademark of Xicor, Inc. 
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X88C75 


DESCRIPTION 


The X88C75 is a highly integrated peripheral for the 
80C51 family of microcontrollers. The device integrates 
8K bytes of 5 volt byte-alterable nonvolatile memory, 
two Bidirectional 8-Bit Ports, programmable internal 
address decoding and a multiplexed Address and Data 
Bus. 


The 5 volt byte-alterable nonvolatile memory can be 
used as program storage, data storage or acombination 
of both. The memory array is separated into two 4K byte 
sections which allows read accesses to one-half while a 
write operation is taking place in the other half. The 
nonvolatile memory also features Software Data Pro- 
tection to protect the contents during power transitions, 
and an advanced Block Protect Register which 
allowsindividual blocks of the memory to be configured 
as Read only or Read/Write. 


Each bidirectional port consists of eight General Pur- 
pose I/O lines and one data strobe line. The ports also 
feature a configurable Interrupt Request output. 


Access to the 88C75 is accomplished through the mul- 
tiplexed Address/Data bus of the 80C51 type controller. 
An internal programmable address decoder maps the 
internal memory and register locations into the desired 
address space. 


PIN NAMES 


As-At5 
cE 
Ports A I/O Lines 

PBO_PB7 
STRA;STRB 
ESET 


Ground 


Supply Voltage 
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PIN CONFIGURATION 


2 3 
X88C75 
3 3 
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X88C75 


ee 


PIN DESCRIPTIONS 


Address/Data (AD o—AD7) 


Multiplexed low-order addresses and data. The ad- 
dresses flow into the device while ALE is HIGH. After 
ALE transitions from a HIGH to LOW the addresses are 
latched. Once the addresses are latched these e pins 
input data or output data depending on RD, WR, PSEN 
and CE. 


Addresses (A8—A15) 

High order addresses flow into the device when ALE = 
Vin andare latched whenALE = V\_. Inaddition, A;3, A14 
and Aj;5 are internally decoded to generate an Internal 
Chip Enable signal, thus eliminating the need for an 
external address decoder. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH and ALE is HIGH, 
the X88C75 is placed in the low power standby mode. 


Program Store Enable (PSEN) 


When the X88C75 is to be used in a MCS-51 based 
system, PSEN is tied directly to the microcontroller's 
PSEN output. 


Read (RD) 
RD is tied directly to the microcontroller's RD output. 
Write (WR) 


WR is tied directly to the microcontrollers WR output. 
The falling edge of WR latches the high order addresses 
of the address to be written to. The rising edge of WR 
latches the data to be written into the X88C75. 


Address Latch Enable (ALE) 


Addresses flow through the latches to address decoders 
when ALE is HIGH and are latched when ALE transitions 
from a HIGH to LOW. 


5-39 


Write Control (WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input is 
useful in applications in which a power failure or proces- 
sor RESET could interrupt a page load cycle. In this 
case, the microcontroller might drive all signals HIGH, 
causing bad data to be latched into the E2PROM. If the 
Write Control input is driven HIGH immediately after 
Write (WR) goes HIGH, the write cycle will be aborted. 
When WC is LOW (tied to Vss) the X88C75 will be 
enabled to perform write operations. When WC is HIGH 
normal read operations may be performed, but all at- 
tempts to write to the device will be disabled. 


RESET (RESET) 


The RESET input is used to reset the X88C 75 to aninitial 
state. Upon completion of the reset sequence, the 
X88C75 I/O ports will be configured as inputs, and all 
interrupts will be disabled. 

Port A (PAO-PA7) 


The PAO—PA7 are the inputs or outputs of Port A. 
Port B (PBO-PB7) 
The PBO-PB7 are the inputs or outputs of Port B. 


Port Strobes A and B (STRA, STRB) 


These signals are used to latch data either into or out of 
the respective Ports A and B. 


Interrupt Request Output (IRQ) 


The interrupt request output can be configured to gen- 
erate an interrupt request to the microcontroller in the 
event of a valid transition on the STRA or STRB inputs. 


X88C75 


PRINCIPLES OF OPERATION 


The X88C75 incorporates a specialized interface which 
utilizes the control signals and multiplexed Address/ 
Data bus of the 8051 type of microcontroller to provide 
a "seamless" interface. 


The control inputs on the X88C75 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the 80C51 type of microcontroller. 
The reading of data from the chip is controlled either by 
the PSEN or the RD signal, which essentially maps the 
X88C75 into both the Program and the Data Memory 
address map. 


Reading and writing of the nonvolatile memory array is 
analogous to executing the same operations to internal 
Static RAM of the 80C51 type microcontroller. During a 
write operation to either the nonvolatile memory or the 
control registers, ALE latches the address to be written 
into the X88C75. The falling edge of WR latches the high 
order addresses, while the rising edge of WR latches the 
data to be written. 


The nonvolatile memory of the X88C75 is internally 
organized as two independent arrays of 4K bytes of 
memory with the Ajo input selecting which of the two 
blocks of memory are to be accessed. While the proces- 


TYPICAL APPLICATION 


sor is executing code out of one block, write operations 
can take in the other block; allowing the processor 
to continue execution of code out of the X88C75 
during a byte or page write to the device. This is called 
Concurrent Read Write™ feature. 


The X88C75 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the nonvolatile memory array to be 
broken into 8 independent sections of 1K Bytes. Each of 
these sections can be independently enabled for write 
operations. This allows segmentation of the memory 
contents into writable and non-writable sections, thereby, 
allowing certain sections of the device to be secured so 
that updates can only occur in a controlled environment. 
(e.g. in an automotive application, only at an authorized 
service center). The block protect configuration is stored 
ina nonvolatile register, ensuring the configuration data 
will be maintained after the device is powered down. 


The X88C75 also features a Write Control (WC) which 
serves as an external control over the completion of a 
previously initiated page load cycle. 


The X88C75 also features the industry standard 5 volt 
E2PROM characteristics such as byte or page mode 
write and toggle-bit polling. 


X88C75 
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Preliminary Information 


1 Megabit Module XM28C010 128K x 8 Bit 
5 Volt, Byte Alterable E7PROM 


TYPICAL FEATURES 
High Density 1 Megabit (128K x 8) E7PROM 


Fast Write Cycle Times Supported by: 


Module —Internal Program Cycle 10 ms Max. 
¢ Access Time of 120 ns at —55°C to +125°C —64-byte Page 
¢ SIMPLE Byte and Page Write —DATA Polling 
—Single 5 Volt Supply —Toggle Status Bit 
—No External High Voltages or Vpp Control ¢ High Rel Module Available with: 
Circuits —100% MIL-STD-883 Compliant Components 
—Self Timed ¢ Software Data Protection 
—No Erase Before Write 
—No Complex Programming Algorithms DESCRIPTION 
—No Overerase Problem 
* Base Memory Component: Xicor CMOS The XM28C010 is a high density 1 Megabit E7PROM 
X28C256 comprised of four X28C256 32K x 8 LCCs mounted on 
° JEDEC Standard 32-Pin 600 Mil Wide Ceramic a co-fired multilayered ceramic substrate. The 


XM28C010 is configured 128K x 8 bit and features the 
JEDEC approved pinout for byte-wide memories, com- 
patible with the monolithic X28C010. 


Side Braze Package 
Pin Compatible with the X28C010 1Megabit 
Monolithic CMOS E2PROM 


FUNCTIONAL DIAGRAM 


X28C 256 


X28C 256 
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XM28C010 


DESCRIPTION (Cont.) 


The XM28C010 is available in commercial, industrial, 
and military temperature ranges. The High Rel module 
is built with MIL-STD-883 Class B microcircuit compo- 
nents. In addition, after being assembled all High Rel 
modules undergo 100% screening. 


The XM28C010 supports a 64-byte page write operation, 
this, combined with DATA Polling or Toggle Bit testing, 
effectively provides a 78us/byte write cycle, enabling the 
module memory array to be rewritten in 10 seconds. 


The XM28C010 will also support Software Data Protec- 
tion, a user-optional method of protecting data during 
power transitions. 


The XM28C010 provides the same high endurance and 
data retention as the base memory components. 


PIN DESCRIPTIONS 


Addresses (Ap—Aj¢) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced (see Note 4). 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O -1/07) 

Data is written to or read from the XM28C010 through 
the I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
XM28C010. 
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PIN CONFIGURATION 
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OE Output Enable 
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XM28C010 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The XM28C010 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
5 ms (see Note 4). 


Page Write Operation 


The page write feature of the XM28C010 allows the 
entire memory to be written in 10 seconds. Page write 
allows two to sixty-four bytes of data to be consecutively 
written to the XM28C010 prior to the commencement of 
the internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through Aj.) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to sixty-three bytes in the 
same manner as the first byte was written. Each succes- 
sive byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 us of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 
continues to access the device within the byte load cycle 
time of 100 us. 
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Write Operation Status Bits 


The XM28C010 provides the user two write operation 
Status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


EI | 
| RESERVED 
TOGGLE BIT 
DATA POLLING 
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DATA Polling (1/07) 


The XM28C010 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows asimple 
bit test operation to determine the status of the 
XM28C010, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on I/O; (i.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, !/O7 will reflect true 
data. Note: Ifthe XM28C010 is inthe protected state and 
an illegal write operation is attempted DATA Polling will 
not operate. 


Toggle Bit (I/O) 


The XM28C010 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle I/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the last byte written. When the internal cycle is complete 
the toggling will cease and the device will be accessible 
for additional read or write operations. 


XM28C010 


DATA POLLING I/O, 
Figure 2. DATA Polling Bus Sequence 


ViH 


HIGH Z 
VOL 


An XK _ An KX An DK An KA An KA 


3871 FHD F10 


Figure 3. DATA Polling Software Flow 

DATA Polling can effectively halve the time for writing to 
the XM28C010. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 


flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


107 
COMPARE? 
YES 
X28C010 
READY 


3871 FHD F11 
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XM28C010 


THE TOGGLE BIT I/O, 
Figure 4. Toggle Bit Bus Sequence 


; VOH HIGH Z 
VOL 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 


LAST WRITE 
LOAD ACCUM 
FROM ADDRn 


COMPARE 
ACCUM WITH 
ADDRn 


COMPARE 
OK? 


YES 


3871 FHD F13 
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The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple XM28C010 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for testing the 
Toggle Bit. 


XM28C010 


HARDWARE DATA PROTECTION 


The XM28C010 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


* Noise Protection—A WE pulse less than 10 ns will not 
initiate a write cycle. 


* Default Vcc Sense—All functions are inhibited when 
Voc is < 3V. 


° Write Inhibit—Holding OE LOW will prevent an inad- 
vertent write cycle during power-on and power-off. 


SOFTWARE DATA PROTECTION 


The XM28C010 does provide the Software Data Protec- 
tion (SDP) feature. Because the module is comprised of 
four discrete X28C256 LCCs, the algorithm will differ 
from the algorithm employed for the monolithic 1 Mega- 
bit X28C010. 


The module is shipped from Xicor with the Software 
Data Protection NOT ENABLED; that is, the module will 
be in the standard operating mode. In this mode data 
should be protected during power-up/-down operations 
through the use of external circuits. The host system will 
then have open read and write access of the module 
once Vcc is stable. 


The module canbe automatically protected during power- 
up/-down without the need for external circuits by em- 
ploying the SDP feature. The internal SDP circuit is 
enabled after the first write operation utilizing the SDP 
command sequence. 


When this feature is employed, it will be easiest to 
incorporate in the system software if the module is 
viewed aS a subsystem composed of four discrete 
memory devices with an address decoder (see Func- 
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tional Diagram). In this manner, system memory map- 
ping will extend onto the module. That is, the discrete 
memory ICs and decoder should be considered memory 
board components and SDP can be implemented at the 
component level as described in the next section. 


SOFTWARE COMMAND SEQUENCE 


Ais and Aj, are used by the decoder to select one of the 
four LCCs. Therefore, only one of the four memory 
devices can be accessed at one time. In order to protect 
the entire module, the command sequence must be 
issued separately to each device. 


Enabling the software data protection mode requires the 
host system to issue a series of three write operations: 
each write operation must conform to the data and 
address sequence illustrated in Figures 6 and 7. 
Because this involves writing to a nonvolatile bit the 
device willbecome protected after two has elapsed. After 
this point in time devices will inhibit inadvertent write 
operations. 


Once in the protected mode, authorized writes may be 
performed by issuing the same command sequence that 
enables SDP, immediately followed by the address/data 
combination desired. The command sequence opens 
the page write window enabling the host to write from 
one to sixty-four bytes of data. Once the data has been 
written, the device will automatically be returned to the 
protected state. 


In order to facilitate testing of the devices the SDP mode 
can be deactivated. This is accomplished by issuing a 
series of six write operations: each write operation must 
conform to the data and address sequence illustrated in 
Figures 8 and 9. This is anonvolatile operation, andthe 
host will have to wait a minimum twc before attempting 
to write new data. 


XM28C010 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


DATA 
ADDRESS 5555 


An—A4 4" two WRITE 
WRITES PROTECTED 


“Ay é & A16 select one of four devices on the module. 
3871 FHD F14 


Figure 7. Write Sequence for 

Software Data Protection 

Regardless of whether the device has previously been 
protected or not, once the software data protection 
WRITE DATA AA algorithm is used and data has been written, the device 


TO ADDRESS will automatically disable further writes unless another 
9555 command is issued to cancel it. If no further commands 
are issued the device will be write protected during 
power-down and after any subsequent power-up. 
WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE IO 
LAST ADDRESS 


AFTER twc 
RE-ENTERS DATA 
PROTECTED STATE 


3871 FHD F15 
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XM28C010 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


Voc 


DATA AA 55 80 AA 55 20 
STANDARD 
ADDRESS 5555 2AAA 5555 5555 2AAA 5555 OPERATING 


o-Ay4" MODE 


A 
CE 


WE 


"Ay 5 & Aig select one of four devices on the module. 
3871 FHD F16 


Figure 9. Software Sequence 
to Deactivate Software Data Protection 


In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
WRITE DATAAA an E2PROM programmer, the following six step algo- 
TO ADDRESS rithm will reset the internal protection circuit. After ty, the 
5555 ; 
device will be in standard operating mode. 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


3871 FHD F17 
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SYSTEM CONSIDERATIONS 


Because the XM28C010 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where multiple 
I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the XM28C010 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be placed between Vcc and GND for 
every two modules employed in the array. This bulk 
capacitor is employed to overcome the voltage droop 
caused by the inductive effects of the PC board traces. 


XM28C010 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +135°C 
Storage Temperature «0.0.0.0... —65°C to +150°C 
Voltage on any Pin with 

Respect to Ground ............. eens —1.0V to +7V 
D.C. OUIDUT CUIFGNE ssciavsanctissnccevessueuswassbacmnsabnssies 5mA 
Lead Temperature 

(Soldering, 10 Seconds) ..............cccceceeeeeeeee 300°C 


D.C. OPERATING CHARACTERISTICS 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may Cause permanent damage to the device. This 
is a stress rating only and the functional operation of the 
device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


XM28C010 Ta = 0°C to +75°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C010! Ta = —40°C to +85°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C010M Ta = —55°C to +125°C, Voc = +5V + 10%, unless otherwise specified. 


XM28C010-12-15 


POWER-UP TIMING 


Limits 
Symbol Parameter en Test Conditions 
loc Voc Current (Active) a 70 mA | CE =OE = Vi, WE= Vin, 
XM28C010-20-25 All /O’s = Open, 1 Device Active 


re 
(TTL Inputs) 

Vcc Current (Standby) -20-25 

(CMOS Inputs) -12-15 2 mA 

|u| ImputLeakage Current =| | 10 | WA | ViN=GNDtoVeo 
to _| OutputLeakage Current | || 10 | WA | Vour=GNDtoVcc,CE=Vin | 
| Vi_|_InputLowVoltage | -1.0 «| 08 | MV | 
Wie [input High Votage | 20 Wee s 80 -V-[ 
Vor | Output Low Vottage | 

Vox _| OutputHigh Voltage | 24 | 


10 


Address Inputs = TTL Levels 
@ f = 5MHz 
CE = Vin, OE = Vit 
All I/O’s = Open, Other Inputs = Vin 
CE = Vin, OE = Vit 
All I/O’s = Open, Other Inputs = Vcc 


<|< 


lo. = 2.1 MA 
loH = —400 nA 


3871 PGM T02 


Power-up to Read Operation 


. . 


tpuw'?) 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voc = 5V 


Power-up to Write Operation 


3871 PGM T04 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) This parameter is periodically sampled and not 100% tested. 


XM28C010 


A.C. CONDITIONS OF TEST MODE SELECTION 
(OE |WE | Mode | VO | Power 
pL | H [Read Active 


H | Read Active 
PH[t [write ——*([ Dw __| Active 
Input and Output | a 
Timing Levels 1.5V 
Output Load 1 TTL Gate and 
CL = 100pF 


xX [Write Inhibit | 
ae ae 
3871 PGM TO5 


Write Inhibit 
3871 PGM TO6 


A.C. CHARACTERISTICS 

XM28C010 Ta = 0°C to + 75°C, Vcc = +5V +10%, unless otherwise specified. 
XM28C010I Ta = —40°C to +85°C, Voc = +5V +10%, unless otherwise specified. 
XM28C010M Ta = —55°C to +125°C, Voc = +5V +10%, unless otherwise specified. 
Read Cycle Limits 


tOH 


Read Cycle 


ADDRESS 


toLz {OHZ 
LZ 


oma 1) QCD 00000 


t 
AA 3871 FHD FO3 


Note: (3) tLz and to_z are shown for reference only, they are periodically characterized and are not 100% tested. 
(4) tyz and toyz are measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are 
no longer driven. 


XM28C010 


Write Cycle Limits 


E Controlled Write (5) 


O 


Oo 
= 
a 


tas 


WE High Recovery 
Data Valid 
Data Setup 


a 
a|n 


” 


sk 


— 
io) 


us 
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WE Controlled Write Cycle 


twe 


rooness XXX 
ANNAN “W7] 
_ 
1 a SIRE KANNAN 
oe MY 
OAT OORKKKKXEK oman | XXXVI) 


3871 FHD F04 


tc 


‘wp 


Note: (5) Due to the inclusion of the decoder IC on board the module the WE and CE write controlled timings will vary. When utilizing the 
CE controlled write operation all the hold timings must be extended by the worst case propagation delay of the decoder. For a 
WE controlled write operation CE must be a minimum 125 ns to accommodate the additional setup time required. 
(6) tWC is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to complete the interval write operation. 


XM28C010 


CE Controlled Write Cycle 
‘we 


ADDRESS KO 
‘cw Y\\y 


tWPH 


foES 


TT SUA ANNUUNNY/ ANNA 
Ww “WT 


XXXXKKKKKKXKAKXEK __PATAVALIO. KX KX KK KKK XKKKKK) 


HIGH Z 
DATA OUT 


3871 FHD FO5 


Page Write Cycle 


rooness XXX KX 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
two 


*For each successive write within the page write operation, Ag—Ajg should be the same or 
writes to an unknown address could occur. 3871 FHD FOG 


XM28C010 


DATA Polling Timing Diagram 


nooress An XXX AXA XXX 


'bw 


Pin=* POUT 


3871 FHD FO7 


Toggle Bit Timing Diagram 


* 


* Starting and ending state of |/Og will vary, depending upon actual two. 


3871 FHD F08 
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SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 


from High to 
Low 


Don't Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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NOTES 
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Advance Information 


2 Megabit Module 


XM28C020 


256K x 8 Bit 


5 Volt, Byte Atlerable E7PROM 


TYPICAL FEATURES 


¢ High Density 2 Megabit (256K x 8) Module 

¢ Access Time of 200ns at —55°C to +125°C 
Base Memory Component: Xicor X28C513 
Pinout conforms to JEDEC Standard for 2MEG 
E2PROM 

Fast Write Cycle Times 

—128-byte Page Write 

—Byte or Page Write Cycle: 5ms Typical 
—Complete Memory Rewrite: 10 Seconds 
Early End of Write Detection 

—DATA Polling 

—Toggle Bit Polling 

Software Data Protection 

Three Temperature Ranges 

—Commercial: 0°C to +75°C 

—Industrial: —40° to +85°C 

—Military: —55° to +125°C 

High Rel Module 

—100% MIL-STD-883 Compliant Components 


FUNCTIONAL DIAGRAM 


Ag-A15 


Peek 
V/Op-VO> 
OE 
WE 
CE 


A16 
A17 


X28C513 


X28C513 
Ag-Ai5 


VOg-VO7 


DESCRIPTION 


The XM28C020 is a high density 2 Megabit E7PROM 
comprised of four X28C513 64K x 8 LCCs mounted on 
a co-fired multilayered ceramic substrate. Individual 
components are 100% tested prior to assembly in mod- 
ule form and then 100% tested after assembly. 


The XM28C020 is configured 256K x 8 bit. The module 
supports a 128-byte page write operation. This com- 
bined with DATA Polling or Toggle Bit Polling, effectively 
provides a 39yus/byte write cycle, enabling the entire 
array to be rewritten in 10 seconds. 


The XM28C020 provides the same high endurance and 
data retention as the X28C513. 


X28C513 
Ago-A15 


VOp-VO7 


X28C513 
Ao-A15 


VOp-W/O7 


OE 
WE 
CE 


3872 FHD F01 


© Xicor, 1991 Patents Pending 


3872-1 
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Characteristics subject to change without notice 


XM28C020 


PIN DESCRIPTIONS 


Addresses (Ag—Aj7) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced (see Note 4). 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O9—1/07) 

Data is written to or read from the XM28C020 through 
the !/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
XM28C020. 
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PIN CONFIGURATION 


3872 FHD F02 


PIN NAMES 
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XM28C020 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The XM28C020 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
5 ms (see Note 4). 


Page Write Operation 


The page write feature of the XM28C020 allows the 
entire memory to be written in 10 seconds. Page write 
allows two to 128 bytes of data to be consecutively 
written to the XM28C020 prior to the commencement of 
the internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (A7 through Aj7) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to 127 bytes in the same 
manner as the first byte was written. Each successive 
byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 ps of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 


write window is infinitely wide, so long as the host 
continues to access the device within the byte load cycle 
time of 100 ps. 


Write Operation Status Bits 


The XM28C020 provides the user two write operation 
Status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


Figure 1. Status Bit Assignment 


(EL eR ARCS 
| RESERVED 
TOGGLE BIT 


DATA POLLING 
3872 FHD Foo 


DATA Polling (1/07) 


The XM28C020 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the 
XM28C020, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on I/O;7 (i.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, !/O7 will reflect true 
data. Note: If the XM28C020 is inthe protected state and 
an illegal write operation is attempted DATA Polling will 
not operate. 


Toggle Bit (I/O) 


The XM28C020 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle I/Og¢ will toggle from one 
to zero and zero to one on subsequent attempts to read 
the last byte written. When the internal cycle is complete 
the toggling will cease and the device will be accessible 
for additional read or write operations. 


XM28C020 


DATA POLLING I/O, 
Figure 2. DATA Polling Bus Sequence 


VIH 


Ss ee 
VOL 


Figure 3. DATA Polling Software Flow 


3872 FHD F10 


DATA Polling can effectively halve the time for writing to 
the XM28C020. The timing diagram in Figure 2 illus- 
trates the sequence of events onthe bus. The software 


WRITE DATA ay ' 
coo flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


107 
COMPARE? 
YES 


3872 FHD F11 
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XM28C020 


THE TOGGLE BIT I/O, 
Figure 4. Toggle Bit Bus Sequence 


—Y0H HIGH Z 
VOL 


* Beginning and ending state of I/Og will vary. 
3872 FHD F12 


Figure 5. Toggle Bit Software Fiow 
The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 


written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple XM28C020 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 


sequence of events on the bus. The software flow 
LOAD ACCUM diagram in Figure 5 illustrates a method for testing the 
FROM ADDR n ; 

Toggle Bit. 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


3872 FHD F12 
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XM28C020 


HARDWARE DATA PROTECTION 


The XM28C020 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


Noise Protection—A WE pulse less than 10 ns will not 
initiate a write cycle. 


Default Voc Sense—All functions are inhibited when 
Voc is < 3V. 


Write Inhibit—Holding OE LOW will prevent an inad- 
vertent write cycle during power-on and power-off. 


SOFTWARE DATA PROTECTION 


The XM28C020 does provide the Software Data Protec- 
tion (SDP) feature. 


The module is shipped from Xicor with the Software 
Data Protection NOT ENABLED; that is, the module will 
be in the standard operating mode. In this mode data 
should be protected during power-up/-down operations 
through the use of external circuits. The host system will 
then have open read and write access of the module 
once Vcc is stable. 


The module canbe automatically protected during power- 
up/-down without the need for external circuits by em- 
ploying the SDP feature. The internal SDP circuit is 
enabled after the first write operation utilizing the SDP 
command sequence. 


When this feature is employed, it will be easiest to 
incorporate in the system software if the module is 
viewed as a subsystem composed of four discrete 
memory devices with an address decoder (see Func- 
tional Diagram). In this manner, system memory map- 
ping will extend onto the module. That is, the discrete 


memory ICs and decoder should be considered memory 
board components and SDP can be implemented at the 
component level as described in the next section. 


SOFTWARE COMMAND SEQUENCE 


Aig and A;7 are used by the decoder to select one of the 
four LCCs. Therefore, only one of the four memory 
devices can be accessed at one time. In order to protect 
the entire module, the command sequence must be 
issued separately to each device. 


Enabling the software data protection mode requires the 
host system to issue a series of three write operations: 
each write operation must conform to the data and 
address sequence illustrated in Figures 6 and 7. 
Because this involves writing to a nonvolatile bit the 
device willbecome protected after twc has elapsed. After 
this point in time devices will inhibit inadvertent write 
operations. 


Once in the protected mode, authorized writes may be 
performed by issuing the same command sequence that 
enables SDP, immediately followed by the address/data 
combination desired. The command sequence opens 
the page write window enabling the host to write from 
one to 128 bytes of data. Once the data has beenwritten, 
the device will automatically be returned to the protected 
State. 


In order to facilitate testing of the devices the SDP mode 
can be deactivated. This is accomplished by issuing a 
series of six write operations: each write operation must 
conform to the data and address sequence illustrated in 
Figures 8 and 9. This is a nonvolatile operation, andthe 
host will have to wait a minimum twc before attempting 
to write new data. 


XM28C020 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


(a aad 


t WRITE 
ne PROTECTED 


WRITES 


OK 
BYTE 
OR 
PAGE 


"Ais & A; 7 select one of four devices on the module. 
3872 FHD F14 


Figure 7. Write Sequence for 
Software Data Protection 
Regardless of whether the device has previously been 
protected or not, once the software data protected 
WRITE DATAAA algorithm is used and data has been written, the device 
TO ADDRESS will automatically disable further writes unless another 
5555 command is issued to cancel it. If no further commands 
are issued the device will be write protected during 


wer-down and after any subsequent power-up. 
WRITE DATA 55 i y q ‘ is 
TO ADDRESS 
2AAA 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 


3872 FHD F15 
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XM28C020 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


a) 


DATA AA 55 80 AA 55 20 


ADDRESS 5555 2AAA 5555 5555 2AAA 5555 — pee 
MODE 


Ags 


“A16 & Ay 7 select one of four devices on the module. 
3872 FHD F16 


Figure 9. Software Sequence to Deactivate 


Software Data Protection 
In the event the user wants to deactivate the software 


data protection feature for testing or reprogramming in 
an E*PROM programmer, the following six step algo- 
Ws BEE ithm will reset the internal protection circuit. Aftertyc, th 
TO ADDRESS rit mwi rese e internal protec loncircult. erlwc, the 
5555 device will be in standard operating mode. 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


SYMBOL TABLE 


WAVEFORM 


3872 FHD F17 
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INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 


from High to 
Low 


Don't Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


XM28C020 


SYSTEM CONSIDERATIONS 


Because the XM28C020 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where multiple 
I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the XM28C020 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending onthe size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be place between Vcc and GND for every 
two modules employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


XM28C020 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ....................... —65°C to +150°C Ratings” may cause permanent damage to the device. This 

Voltage on any Pin with is a stress rating only and the functional operation of the 
Respect to Ground ..................:.eeeeeee —1.0V to +7V device at these or any other conditions above those 

D.C. Output CUITONt a..c00csessasseesccsescesanasnosatersaynnes 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating 
(Soldering, 10 Seconds) ...............ccccseseseeees 300°C conditions for extended periods may affect device reliability. 


D.C. OPERATING CHARACTERISTICS 

XM28C020 Ta = 0°C to +70°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C0201I Ta = —40°C to +85°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C020M Ta = —55°C to +125°C, Voc = +5V + 10%, unless otherwise specified. 


Limits 
Symbo ra ss Test Conditions 
loc 


Vcc Current (Active) mA | CE=OE = Vi, WE= Vin, 
(TTL Inputs) All l/O’s = Open, 1 Device Active 
Address Inputs = TTL Levels 
@ f = 5MHz 
fe 


Voc Current (Standby) mA | CE= Vn, OF = Vit 
(TTL Inputs) 


All I/O’s = Open, Other Inputs = Vin 


Vec Current (Standby) mA | CE = Vin, OE = Vit 
(CMOS Inputs) 


ir | Input Leakage Curent || 10 | wA|Vn=GNDtoVec 
[ito [Output Leakage Curent| | 10 | wA | Vour=GNDto Veo, CE=Vin 
[Vu | Input Low Voltage | 10 | 08 

Via | Input High Voltage | 2.0 |Voc+ 7.0 
Vo. | Output Low Voltage 
2a 


Output High Voltage 


POWER-UP TIMING 


[symbol [—=SSsarameter 
Power-up to Initiation of Read Operation 


Power-up to Initiation of Write Operation 


3872 PGM T03 


[units [Test Conditions 


3872 PGM T04 


CAPACITANCE Tz, = 25°C, F = 1.0 MHZ, Vcc = 5V 


Symbol | arameter 


Input/Output Capacitance 
Input Capacitance 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) This parameter is periodically sampled and not 100% tested. 
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XM28C020 


A.C. CONDITIONS OF TEST MODE SELECTION 


ea 


ELaLuls — pt | HW] L [Write | Dw Active 
Input and Output Standby and Write Inhibit | High Z | Standby 
Timing Levels 1.5V x | Write Inhibit 
Output Load 1 TTL Gate and HH | a 

CL = 100pF 
3872 PGM TO5 
A.C. CHARACTERISTICS 


Write Inhibit 
XM28C020 Ta = 0°C to + 75°C, Vcc = +5V +10%, unless otherwise specified. 


XM28C0201 Ta = —40°C to +85°C, Voc = +5V +10%, unless otherwise specified. 
XM28C020M Ta = —55°C to +125°C, Voc = +5V +10%, unless otherwise specified. 
Read Cycle Limits 


3872 PGM T06 


80 
a 
ae 

10 


Read Cycle 


ADDRESS 


py be ~ 
DATA VALID 


omc 0) QLD 00000 


TAA 


LZ 


3872 FHD F03 


Note: (3) t_z and to,_z are shown for reference only, they are periodically characterized and are not 100% tested. 
(4) tyz and toyz are measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are 
no longer driven. 
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XM28C020 


Write Cycle Limits 


WE Controlled Write | CE Controlled Write () 
Symbol Parameter | Max. | 


Min, | 

-twe | Write Cycle Time | 
tis [Address Setup Time [0 
tas Address Hold Time [128 
tes i 25 | 
[ten 0 
[tow D125 | 
1 

1 

5 

1 

1 


125 
we | WE Pulse Wieth [100 
“toy DataValid 
tos | Data Seup——S—~SCi 
ton Data Hold Sid 
tow 
RS | 


twe 
tas 
tAH 
tcs 
tCH 
tcw 
twp 
tov 1 
tos ee 
tDH Ee ee 
tow Ts 


3872 PGM T08 


DelaytoNext Write | 10 | 
Byte Load Gycle | 3 


WE Controlled Write Cycle 


| Max. 
| 10 
aa 
ae 
a 
a 
a 
a 
nn oe 
ae 
Le 
aa 
ae 
ae 
a 
100 


100 


ADDRESS KKK 


NNNNAN “WH 
ee ee 
a — {yy 
tWPH AY 
NOONAN Gum ast IXXKKXK)- 


3872 FHD F04 


‘wp 


Note: (4) Due to the inclusion of the decoder IC on board the module the WE and CE write controlled timings will vary. When utilizing the 
CE controlled write operation all the hold timings must be extended by the worst case propagation delay of the decoder. For a 
WE controlled write operation CE must be a minimum 125 ns to accommodate the additional setup time required. 


6-28 


XM28C020 


CE Controlled Write Cycle 


aooness YX] XIII 
{\\) 

a 
HTT 7 Ny 
Wilh WD 
KYRKRRKRKKKKRKoataan _ XYRRYY LRRD 


HIGH Z 


tow 


'WPH 


DATA OUT 
3872 FHD F05 


Page Write Cycle 


i  ———— | (1) 
= \_ STDS ITIP. [7 TTP _LTTDs I 


twp Ss 'BLC 


wooness XX XX XX 1 JAXX 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
two 


“For each successive write within the page write operation, A7-A;7 should be the same or 
writes to an unknown address could occur. 3872 FHD Fos 
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XM28C020 


DATA Polling Timing Diagram 


moons me XRRRX XRG 


OE see: ‘OEH 


Din=X 


3872 FHD F07 


Toggle Bit Timing Diagram 


tweo 


* Starting and ending state of !/Og will vary, depending upon actual two. ag72 FD Fae 
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Advance Information 


® 


4 Megabit Module 


XM28C040 


512K x 8 Bit 


5 Volt, Byte Alterable E7PROM 


TYPICAL FEATURES 


High Density 4 Megabit (512K x 8) Module 
Access Time of 200ns at —55°C to +125°C 
Base Memory Component: Xicor X28C010 
Pinout Conforms to JEDEC Standard for 4MEG 
E2PROM 

Fast Write Cycle Times 

—256-byte Page Write 

Early End of Write Detection 

—DATA Polling 

—Toggle Bit Polling 

Software Data Protection 

Three Temperature Ranges 
—Commercial: 0°C to +75°C 

—Industrial: —40° to +85°C 

—Military: —55° to +125°C 


883 Compliant 


FUNCTIONAL DIAGRAM 


X28C010 
Ao-Ai6 


VOp-VO7 


OE 


Ao-A16 


jain 
VO9-'O7 
OE 
WE 
CE 


Aig 
A17 


© Xicor, 1991 Patents Pending 


3873-1 


High Rel Modules all Components are MIL-STD- 


X28C010 
Ao-Ai6 


VOp-/07 


DESCRIPTION 


The XM28C040 is a high density 4 Megabit E7PROM 
comprised of four X28C010's mounted on a co-fired 
multilayered ceramic substrate. Individual components 
are 100% tested prior to assembly in module form and 
then 100% tested after assembly. 


The XM28C040 is configured 512K x 8 bit. The module 
supports a 256-byte page write operation. This com- 
bined with DATA Polling or Toggle Bit Polling, effectively 
provides a 39us/byte write cycle, enabling the entire 
array to be rewritten in 10 seconds. 


The XM28C040 provides the same high endurance and 
data retention as the X28C010. 


X28C010 
Ao-A16 
VOp-/07 
OE 
WE 


X28C010 
Ao-A16 


V/O9-/07 


OE 
WE 
CE 


3873 FHD F01 


Characteristics subject to change without notice 


XM28C040 


PIN DESCRIPTIONS 


Addresses (Ap—Ajs3) 

The Address inputs select an 8-bit memory location 
during a read or write operation. 

Chip Enable (CE) 

The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced (see Note 4). 

Output Enable (OE) 

The Output Enable input controls the data output buffers 
and is used to initiate read operations. 

Data In/Data Out (I/O,—1/O7) 

Data is written to or read from the XM28C040 through 
the I/O pins. 

Write Enable (WE) 


The Write Enable input controls the writing of data to the 
XM28C040. 
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PIN CONFIGURATION 


3873 FHD F02 


PIN NAMES 


3873 PGM T01 


XM28C040 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This 2-line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The XM28C040 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
5 ms (see Note 4). 


Page Write Operation 


The page write feature of the XM28C040 allows the 
entire memory to be written in 10 seconds. Page write 
allows two to 256 bytes of data to be consecutively 
written to the XM28C040 prior to the commencement of 
the internal programming cycle. The host can fetch data 
from another location within the system during a page 
write operation (change the source address), but the 
page address (Ag through A;g) for each subsequent 
valid write cycle to the part during this operation must be 
the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to 255 bytes in the same 
manner as the first byte was written. Each successive 
byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 100 ps of the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 100 us, the internal 
automatic programming cycle will commence. There is 
no page write window limitation. Effectively the page 
write window is infinitely wide, so long as the host 
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continues to access the device within the byte loadcycle 
time of 100 us. 


Write Operation Status Bits 


The XM28C040 provides the user two write operation 
status bits. These can be used to optimize a system 
write cycle time. The status bits are mapped onto the 
I/O bus as shown in Figure 1. 


DATA Polling (1/07) 
Figure 1. Status Bit Assignment 


aN eo 
| RESERVED 
TOGGLE BIT 


DATA POLLING 


3873 FHD FO9 


The XM28C040 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation to determine the status of the 
XM28C040, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on I/O7 (i.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, !/O7 will reflect true 
data. Note: If the XM28C040 is inthe protected state and 
an illegal write operation is attempted DATA Polling will 
not operate. 


Toggle Bit (I/O.) 


The XM28C040 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle I/Og will toggle from one 
to zero and zero to one on subsequent attempts to read 
the last byte written. When the internal cycle is complete 
the toggling will cease and the device will be accessible 
for additional read or write operations. 


XM28C040 


DATA POLLING I/O, 
Figure 2. DATA Polling Bus Sequence 


VIH 


VOL 
AoAig == An XK An XK An XK An K An f/f An XK _An| 


Figure 3. DATA Polling Software Flow 


3873 FHD F10 


DATA Polling can effectively halve the time for writing to 
the XM28C040. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 


flow diagram in Figure 3 illustrates one method of 
implementing the routine. 
WRITES 


COMPLETE? 


YES 
SAVE LAST DATA 
AND ADDRESS 


READ LAST 
ADDRESS 


1O7 
COMPARE? 
YES 


3873 FHD F11 
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XM28C040 


THE TOGGLE BIT I/O, 
Figure 4. Toggle Bit Bus Sequence 


* Beginning and ending state of I/Og will vary. 


Figure 5. Toggle Bit Software Flow 


LAST WRITE 
LOAD ACCUM 
FROM ADDR n 


COMPARE 
ACCUM WITH 
ADDR n 


COMPARE 
OK? 


YES 


3873 FHD Fi2 
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HIGH Z 
READY 


3873 FHD F12 


The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple XM28C040 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for testing the 
Toggle Bit. 


XM28C040 


HARDWARE DATA PROTECTION 


The XM28C040 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


- Noise Protection—A WE pulse less than 10 ns will not 
initiate a write cycle. 


¢ Default Veg Sense—All functions are inhibited when 
Voc iS < 3V. 


Write Inhibit—Holding OE LOW will prevent an inad- 
vertent write cycle during power-on and power-off. 


SOFTWARE DATA PROTECTION 


The XM28C040 does provide the Software Data Protec- 
tion (SDP) feature. 


The module is shipped from Xicor with the Software 
Data Protection NOT ENABLED; that is, the module will 
be in the standard operating mode. In this mode data 
should be protected during power-up/-down operations 
through the use of external circuits. The host system will 
then have open read and write access of the module 
once Vcc is stable. 


The module canbe automatically protected during power- 
up/-down without the need for external circuits by em- 
ploying the SDP feature. The internal SDP circuit is 
enabled after the first write operation utilizing the SDP 
command sequence. 


When this feature is employed, it will be easiest to 
incorporate in the system software if the module is 
viewed aS a subsystem composed of four discrete 
memory devices with an address decoder (see Func- 
tional Diagram). In this manner, system memory map- 
ping will extend onto the module. That is, the discrete 
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memory ICs and decoder should be considered memory 
board components and SDP can be implemented at the 
component level as described in the next section. 


SOFTWARE COMMAND SEQUENCE 


A17 and A;g are used by the decoder to select one of the 
four LCCs. Therefore, only one of the four memory 
devices can be accessed at one time. In order to protect 
the entire module, the command sequence must be 
issued separately to each device. 


Enabling the software data protection mode requires the 
host system to issue a series of three write operations: 
each write operation must conform to the data and 
address sequence illustrated in Figures 6 and 7. 
Because this involves writing to a nonvolatile bit the 
device willbecome protected after two has elapsed. After 
this point in time devices will inhibit inadvertent write 
operations. 


Once in the protected mode, authorized writes may be 
performed by issuing the same command sequence that 
enables SDP, immediately followed by the address/data 
combination desired. The command sequence opens 
the page write window enabling the host to write from 
one to 256 bytes of data. Once the data has beenwritten, 
the device will automatically be returned to the protected 
State. 


In order to facilitate testing of the devices the SDP mode 
can be deactivated. This is accomplished by issuing a 
series of six write operations: each write operation must 
conform to the data and address sequence illustrated in 
Figures 8 and 9. This is anonvolatile operation, and the 
host will have to wait a minimum twc before attempting 
to write new data. 


XM28C040 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence—Byte or Page Write 


KT? 
AA 55 


5555 2AAA WRITE 
PROTECTED 


WRITES 
O 


*A17 &Aig select one of four devices on the module. 
3873 FHD F14 


Figure 7. Write Sequence for 

Software Data Protection 

Regardless of whether the device has previously been 

protected or not, once the software data protected 

WRITE DATAAA algorithm is used and data has been written, the device 
TO ADDRESS will automatically disable further writes unless another 

idee command is issued to cancel it. If no further commands 
are issued the device will be write protected during 
power-down and after any subsequent power-up. 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA AO 
TO ADDRESS 
5555 
BYTE/PAGE 
LOAD ENABLED 


WRITE DATA XX 
TO ANY 
ADDRESS 


WRITE LAST 
BYTE TO 
LAST ADDRESS 


AFTER two 
RE-ENTERS DATA 
PROTECTED STATE 


3873 FHD F15 
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XM28C040 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


ar) 


DATA AA 55 80 AA 55 
ADDR. 5555 2AAA 5555 5555 2AAA 


Ao-Ai6 


*Ay7 & Ay 8 select one of four devices on the module. 


Figure 9. Software Sequence to Deactivate 
Software Data Protection 


20 


ats STANDARD 


OPERATING 
MODE 


3873 FHD F16 


In the event the user wants to deactivate the software 


data protection feature for testing or reprogramming in 
an E°PROM programmer, the following six step algo- 


WRITE DATA AA rithm will reset the internal protection circuit. Aftertwc, the 


TO ADDRESS 


5555 device will be in standard operating mode. 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 20 
TO ADDRESS 
5555 


3873 FHD F17 
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XM28C040 


SYSTEM CONSIDERATIONS 


Because the XM28C040 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where multiple 
I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. Fora 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the XM28C040 has two power modes, standby 
and active, proper decoupling of the memory array is of 
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prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output Capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1 uF high fre- 
quency ceramic capacitor be used between Vcc and 
GND at each device. Depending on the size ofthe array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7 uF electrolytic 
bulk capacitor be place between Vcc and GND for every 
two modules employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


XM28C040 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias .................. —65°C to +135°C Stresses above those listed under “Absolute Maximum 

Storage Temperature .....................0 —65°C to +150°C Ratings” may cause permanent damage to the device. This 

Voltage on any Pin with is a stress rating only and the functional operation of the 
Respect to Ground ..................ccceee —1.0V to +7V device at these or any other conditions above those 

DC QUT COC sie cists ote searsarindest deste ances vation 5 mA indicated in the operational sections of this specification is 

Lead Temperature not implied. Exposure to absolute maximum rating 
(SOIMSLING,. TO SECONS). scscccnsseessesceveverninndeces 300°C conditions for extended periods may affect device reliability. 


D.C. OPERATING CHARACTERISTICS 

XM28C040 Ta = 0°C to +70°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C0401 Ta = —40°C to +85°C, Voc = +5V + 10%, unless otherwise specified. 
XM28C040M Ta = —55°C to +125°C, Voc = +5V + 10%, unless otherwise specified. 


_ Test Conditions 


Vcc Current (Active) mA | CE =OE= Vi, WE = Vin, 

(TTL Inputs) All I/O’s = Open, 1 Device Active 
Address Inputs = TTL Levels 
@ f = 5MHz 


Vcc Current (Standby) 5 mA | CE, Ai7, Ats = Voc —0.3V 
All other inputs = Vin 
All /Os = OPEN 


Output High Voltage 


3873 PGM T02 


Parameter 
Power-up to Initiation of Read Operation 


Parameter 


Input/Output Capacitance 
Input Capacitance 


3873 PGM T04 


Notes: (1) Typical values are for Ta = 25°C and nominal supply voltage. 
(2) This parameter is periodically sampled and not 100% tested. 
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XM28C040 


A.C. CONDITIONS OF TEST MODE SELECTION 


Input Pulse Levels OV to 3.0V 


(CE |OE|WE[ = Mode ——|_V0_| Power | 
tat [write native | 
x [LX [Writennbt —s[— |— 
[x [x TH [Write innit __-‘[—[— 


3873 PGM T06 


Input and Output 

Timing Levels 1.5V 

Output Load 1 TTL Gate and 
Ci = 100pF 


3873 PGM T05 


A.C. CHARACTERISTICS 

XM28C040 Ta = 0°C to + 75°C, Voc = +5V +10%, unless otherwise specified. 
XM28C040I Ta = —40°C to +85°C, Voc = +5V +10%, unless otherwise specified. 
XM28C040M Ta = —55°C to +125°C, Voc = +5V +10%, unless otherwise specified. 
Read Cycle Limits 


Symbol Parameter | Min. | Max. [| Min. | Max. | Min. | Max. | 


200 | | 250 | | 300 || rs 


| 200 | 
aa 
aa 
| toe | Output Enable Access Time | 
CE Low to Active Output | 0 | 
| touz) [OE Lowto Active Output | 0 
Lad 
a 
| 0 | 


CE High to High Z Output 
tonz4) | OE High to High Z Output 
| toH | Output Hold From Address Change 


Read Cycle 


‘oLz 'OHZ 
tz na 
— T XXXXXXK _Davavauio 


DATA VO cee DATA VALID DATA VALID 


t 
AA 3873 FHD F03 


Note: (3) tz and toyz are measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are 
no longer driven. 
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XM28C040 


Write Cycle Limits 


Symbol 


as i a 
tus | Address Setup Time [0 
“ton | Write Hold Time ‘| iO 
“toy DataVaid 


WE Controlled Write Cycle 


ms 


3873 PGM T08 


twe 


aooness QT XX 

NNNANN Gall Us, 
ee ae 

TTT My 


'wP 


DATAIN XXXXKXKRK—_PaAvALOT XXX KXXXKKXO)— 


ps IbH 


DATA OUT I pm 


3873 FHD F04 


t 


ral 
m 


mal 
m 


Note: (4) Due to the inclusion of the decoder IC on board the module the WE and CE write controlled timings will vary. When utilizing the 
CE controlled write operation all the hold timings must be extended by the worst case propagation delay of the decoder. For a 
WE controlled write operation CE must be a minimum 125 ns to accommodate the additional setup time required. 
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XM28C040 


CE Controlled Write Cycle 


twe 


nooness XX XXXXXXXKKKKKKKKRY 
{\\) 

a 
[TITTLE | AMY AMY 
NANNN WITT 


Ipv 


oaTain, XXXXKKKKKXXXKKKKK —_oATAvALIO | __-YXKX XXX AXXXKKKKX) 


tow 


tWPH 


HIGH Z 
DATA OUT 
3873 FHD FO5 


Page Write Cycle 


2 ee 
= TTD. S777 [TP [1777s TTD kX) 


twp 'BLC 
'WPH 


roonss XX >> K >> i 


BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
two 


“For each successive write within the page write operation, A7-A;g should be the same or 
writes to an unknown address could occur. 3873 FHD FO6 
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XM28C040 


DATA Polling Timing Diagram 


apres An XK XK AK KAKA 


CE 


WE soe ‘OEH 


Din=X 


Toggle Bit Timing Diagram 


Dout=* 


— tlwe 


twe 


* Starting and ending state of /Og will vary, depending upon actual two. 
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SYMBOL TABLE 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 


Changes 
Allowed 


N/A 


3873 FHD F07 


3873 FHD F08 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 


High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 


XM28C040 


MultiPlane Architecture 


The design of the XM28C040 has implemented a mul- 
tiplane architecture. That is, there are four independent 
128K x 8 memory spaces or planes, each selected by its 
own chip enable input via the on-board decoder chip. 
This architecture can be utilized in a number of ways. 


Separate Data and Program Memory Spaces 


The multiplane concept allows the system to write to one 
plane of the module and still be able to read (continue 
executing code) fromthe module, utilizing any plane not 
performing a write operation. 


This concept of separated data and program spaces can 
be expanded by providing a simple off-module circuit 
that will disable writes to predetermined portions of 
memory. A very basic version is shown in the Functional 
Diagram. Whenever Ajg is high, the WE input is forced 
high, write protecting one half the module. This half 


TABLE 1. ADDRESS TRANSLATION MATRIX 
Module Address Inputs 


A8-A16 
A9-A17 
A10-A18 


System 
Address 
Lines 


would be reserved for read only program store while the 
other half would be available for read and write data 
store. 


Expanded Sequential Page Lengths 


A standard system implementation would be decoding 
externally the module's chip enable and then wiring 
each address of the module to its corresponding ad- 
dress line in the system. This would effectively provide 
the systema memory organized as four separate memory 
planes with a sequential page address space of 256 
bytes. 


In an application such as data logging, the most efficient 
method of logging the data is in a sequential manner. If 
the data come in bursts that exceed 256 bytes in length 
a longer page might be desirable. By swapping address 
lines externally the effective page length can be ex- 
panded to 1024 bytes. Refer to the table below for a 
matrix illustrating the various page length options. 


Effective 
No. of 
Planes 


A17 A18 256 o 
A18 512 2 
AQ 1024 1 


Note: The user should be aware the overall Icc of the module will increase as more individual components on the module are activated. 
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Advance information ® 
4Megabit Module XM28C4096 256K x 16 Bit 
5 Volt, Byte Alterable E7PROM 

FEATURES DESCRIPTION 

¢ High Density 4 Megabit (256K x 16) E7PROM The XM28C4096 is a high density 4Megabit E-PROM 
Module comprised of four X28C010 128K x 8 E?PROMs 

¢ Low Power CMOS technology mounted on a FR-4 substrate. The XM28C4096 is 
—Active—Less than 100mA configured 256K x 16 and features two separate Chip 
—Standby-Less than 2mA Enable inputs to select between two 128K x 16 banks of 

e Access Time of 150ns memory. 

¢ Base memory Component: Xicor X28C010F The two chip enable inputs provide the interface 

¢ Fast Write Cycle Times mechanism for user selection on the implementation of 

e 256 Word Page the memory: e.g. Dual plane, concurrent read while 

¢ Early end of write write; expanded page, external mapping providing a512 
—DATA Polling word page. 


—Toggle Bit Polling 
¢ Software Data Protection 
e User Accessible Redundant Rows 
¢ Dual Plane™ Memory Architecture 


FUNCTIONAL DIAGRAM 
X28C010 X28C010 
ad Ao-A16 Ao-A16 
ep 09-07 
X28C010 
Ao-Ai6 
VO9-VO045 VOp-VO7 
OE OE 
WE WE 
CE 
CE> 
CE, 


3876 FHD FO1 
Dual Plane™ is a trademark of Xicor, Inc. 
© Xicor, 1991 Patents Pending 6-47 Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Addresses (Ap—Aj6) 

The Address inputs select an 16-bit memory location 
during a read or write operation. 

Chip Enable 1 (CE1) and 

Chip Enable 2, (CE2) 


The XM28C4096 has two chip enable inputs. CE1 en- 
ables one device pair and CE2 enables the other device 
pair. These are active LOW inputs. 


Output Enable (OE) 

The output enable input is active LOW and when as- 
serted turns on the output buffers. 

Data In/Data Out (1/O9—1/045) 

Data is read from or written to the XM28C4096 through 
the I/O pins. 

Write Enable (WE) 


The write enable input controls the writing of data to the 
XM28C4096. Addresses are latched on the high to low 
transition of WE and data in is latched on the low to high 
edge of WE. 
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PIN CONFIGURATION 
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PIN NAMES 


Address Inputs 
1/Oo-1/07 Data Input/Output 
WE Write Enable 


Chip Enable 
Output Enable 
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XM28C4096 


Polling Operation Timing 


VY 
AV AV 


VOp-VO45 


DATA IN = NNNN DATA OUT = XXXX 


DEVICE OPERATION 


Read 


Read operations are initiated when both OE and CE (ei- 
ther CE1 or CE2, not both) are LOW. The XM28C4096 
will output data from the memory location pointed to by 
the address inputs. The data bus will be in a high 
impedance state when either OE or both CE inputs are 
HIGH. 


Write 


Write operations are initiated when both WE and CE 
(either CE1 or CE2) are LOW and OE is HIGH. The 
XM28C4096 supports botha WE andCE controlledwrite 
operation. That is, the address is latched by the falling 
edge of either WE or CE, whichever occurs last. The data 
is latched by the rising edge of either WE or CE, which- 
ever occurs first. A word write operation, once initiated 
will continue to completion, typically within 10ms. 


DATA OUT = XXXX 
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IED 0.0.0 GREED 0.00.) GREED 0.0.0, GRE 


DATA OUT = NNNN 
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Page Write Operation 


A page write operation provides for the host system a 
means for writing from two to two-hundred fifty-six words 
sequentially. A page write, no matter how many words 
are written, will take no longer than 10ms to complete. 


Polling Operations 


E?PROM memories can be written quickly in the write 
page mode. However, once the data is latched into the 
memory, the internal write operation can take up to 
10ms. The typical write cycle is somewhat less than 
10ms and the host system can take advantage of the 
shorter write cycle time by polling the memory. Polling is 
performed by the host reading the last location written. 
When the read data compares true with the data written, 
the internal cycle is complete and the memory is ready 
for normal read or write operations to resume. Refer to 
the Polling Operation figure shown above. 


XM28C4096 


Software Data Protection 


The memory components on the module support Soft- 
ware Data Protection (SPD). SPD, when enabled by the 
host system, will protect the memory contents from 
inadvertent write operations during power-up and 
power-down. 


Setting SPD 


The host system must write a three word command 
sequence to the module, wait twc and the device will be 
protected. Because this module is composed of discrete 
memory components both memory pairs (CE1 and 
CE2) will have to be enabled separately. Once SDP is 
set, the memory will ignore all standard attempts to alter 
its contents. The host can still access the memory but 


TABLE 1. SOFTWARE DATA PROTECTION SEQUENCE 


15555 


OAAAA 
i 


Note: Step 4 is optional. The system may exit the 


routine after step 3 and the device will enter a write cycle 


and set the nonvolatile SDP bit. This is a nonvolatile write 


15555 


AOA0O 


Write XXXXX XXXX Optional write operation(s) 
after opening access. 


must first reissue the three word command sequence 
immediately followed by the word or page write opera- 
tion. Refer to Table 1 for a detailed description of the 
sequence. 


Resetting SPD 


Inthe event the user needs to reset SDP for testing they 
may issue a six word command sequence. After twc the 
memory will be returned to the standard operating 
mode. Refer to Table 2 for a detailed description of the 
operation. 


The modules are shipped from the factory unprotected; 
that is, the module will be in the standard operating 
mode. If the user decides not to employ SDP, it is 
recommended they provide external protection Circuitry. 


Only Addressing of same device pair 
(Chip enable is the same for all accesses) 
is allowed. 


3876 PGM T02 


operation and will take a maximum 10ms to complete. If 
the system enters step 4, it may write from 1 to 256 words. 


TABLE 2. RESET SOFTWARE DATA PROTECTION SEQUENCE 


OAAAA 


operation | Address | Data | Comments 
AAAA 


15555 | 8080 
15555 | AAA 
QAAAA | 5855 


Interruption of the sequence during any 
one of these steps and the device pair 
being accessed will remain protected 


After twc, the device pair will 
return to the unprotected state. 


3876 PGM T03 


XM28C4096 


Dual Plane Memory 


The design of the XM28C4096 has implemented a dual 
plane memory architecture. That is, there are two in- 
dependent 128K x 16 memory spaces, each selected by 
its own Chip Enable input. This architecture can be uti- 
lized in numerous ways. 


The standard implementation would externally decode 
CE1 and CE2 from the host addresses and place both 
pair of memories in contiguous 128K memory spaces. 


A second alternative might be to separate the spaces, 
dedicating one 128K block to program storage require- 


512 Word Page Implementation 


Separated Program and Data Memory 


CE, 


CE5 


ments. This would be a space never written during nor- 
mal system operation. The other 128K block could then 
be employed for data logging or system monitoring data 
storage. In an application such as this, the dual plane 
architecture also provides the ability to write to the data 
memory and continue to operate (read instructions) from 
the program memory. 


A third alternative might be implemented where an ex- 
tremely fast rewrite of the module is required. By assign- 
ingthe system’s A8 asthe CE1/CE2chip enable, the page 
length can effectively be doubled from 256 words to 512 
words. 


XM28C4096 


Ag-A16 


Ag-Az 
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128K x 16 
Memory Pair 
Read/Write 


128K x 16 
Memory Pair 
Read Only 
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XM28C4096 


ABSOLUTE MAXIMUM RATINGS“ 


Temperature Under Bias .................... —10°C to +85°C 
Storage Temperature .................ee —55°C to +125°C 
Terminal Voltage with 

Respect to Ground ..................:06 —0.1V to +7.0V 
AS, UOT CUNO ccscarccctecescscdasiccssedsntsestacbecsses 5mA 


D.C. OPERATING CHARACTERISTICS 
XM28C4096 Ta = 0°C to +75°C, Voc = +5V + 10%, Unless otherwise specified. 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the Module 
components. This is a stress rating only and the functional 
operation of the module at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


Vcc Current (Active) 


Mode 1 


Vcc Current (Active) 
Mode 3 


input Low Voltage 


Output High Voltage 


Parameter 


Power-up to Write Valid 


ele 
Icc Vcc Current (Active) mA 
Mode 2 
° fey 


| ito | OutputLleakage Current | | 10 
08 


rv 
Vin | input High Voltage | 20 |Veov | V | SOSOS—~—SS 
“Output Low Voltage | —Si|—OA | SV | tm SSS 
ea tons 40m 


Power-up to Read Valid 


Input/Output Capacitance 
Input Capacitance 


CE (1 or 2) = OE = Vi, WE = 
Vin, All 1/O's = Open, 2 Devices 
Active, 2 Devices Inactive 
CE (1 or 2) = OE = WE = Vin, 
All |/Os = Open, 2 Devices Active 

Writing (twc), 2 Devices Active Read 
CE (1 or 2) = OE = WE=Vin, 
All I/Os = Open, 4 Devices Active 
Writing (twc) 
CE1 and CE2 = Vec-0.3V, Alll I/O's = 
Open, All Other Inputs = Don't Care 


3876 PGM T07 


3876 PGM T08 


Tax. [units | Conattions 
40 | pF} Vwo=0V 


3876 PGM TO9 


Note: (1) Vi_ min. and Vj max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
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A.C. CONDITIONS OF TEST OPERATION SELECTION 


Input Pulse Levels OV to 3.0V 


Input and Output Timing 


Reference Levels 


Write Inhibit 
Write Inhibit 


3876 PGM T11 


A.C. CHARACTERISTICS Ta = 0°C to +75°C, Voc = +5V + 10%, Unless otherwise specified 
Read Cycle Limits 


Read Cycle 


ADDRESS 


a iy 
a tHz 
OOK baravauio | KKXXXXK —_DATAVALID. 


TAA 


3876 FHD FO3 
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Write Cycle Limits 


Write Cycle Time 
Address Setup Time 
tAH 

twp 


Min 
i ee 
oo 
Address Hold Time ——SSSSC*dSCC‘ 
[tes SSCSWte Setup Time ——S=~=<“—*~rSC‘“‘ OCS” 
teed SSWte Hold Time —=S=~=~<“S~rSC“‘=‘“ CS*~*S 
[—~tew [Chip Enabie Pulse Width _——=«t~=~—«t00 
[toes [SCO High Setup Time —=SC=~CSC‘“‘ia 
D toes | SOEHighHold Time ——=SC~dSCi 

100 


| twee WE Pulse Width 
WE High Recovery 


Data Vali nn 
eT = 


Data Hold 10 

Delay to Next Writ 4 us 

Blac 
3876 PGM 113 


WE Controlled Write Cycle 


ADDRESS 


“WATT 
(yA 


‘OES 
'wP 


pv 

— 

OXXKKXKOK dL (XXXXKXY AXXXKXKK 
t t 

a Dn 3876 FHD FO4 


6-54 


XM28C4096 


CE Controlled Write Cycle 


ada Se 0.0.0, KKK 


SARA NANNY) ANNA 


= WA A 
XK 
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Page Write Cycle 


* MT WY WY CWYAW Wy” 
= \_LDs LTD [TDs LITT LTD LIN. 


twp 'BLC 
tWPH 


( 


_/ 1 bd 2 \_ 3 BYTEN BYTE n+1 
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NOTES 
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8 Megabit Module XM28C080S 1 Meg x 8 


5 Volt, Byte Alterable E7PROM SIP Module 


FEATURES 


High Density 8 Megabit SIP Module 
Industrial Standard 36 PIN SRAM SIP Pinout 
Low Power CMOS Technology 

—Active — Less Than 60mA 

—Standby — Less Than 4mA 

Fully Decoded Addresses 

Access Time of 180ns 

Fast Write Cycle Times 

Standard 256 Byte Page 

—User Configurable to 512, 1024 or 2048 Bytes 
Software Data Protection 

MultiPlane™ Memory Architecture 
—Concurrent Read Write™ 


FUNCTIONAL DIAGRAM 


Direct Write and MultiPlane are trademarks of Xicor, Inc. 
© Xicor, 1991 Patents Pending 
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X28C010 
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mei me 


X28C010 


rity || 


| Se: 


| X28C010 


X28C010 


rity Tt 


| X28C010 


Tt 


cis 


| X28C010 


i} | 4h | 


| X28C010 


DESCRIPTION 


The XM28C080S is a high density 8 Megabit E-PROM 
module comprised of eight X28C010 128K x8 EZPROMs 
mounted on a FR-4 substrate. The XM28C080S is 
configured 1 Meg x 8 and is fully decoded. The module 
is a 36 Pin SIP conforming to the industry standard 
SRAM pinouts. 


The individual memory components are Xicor’s X28C010 
1 Megabit E7PROMs, featuring the highly reliable Direct 
Write™ memory cell. All components are fully tested 
prior to assembly and then the completed module is 
100% electrically tested. 


The MultiPlane™ memory architecture allows reading of 
the module while a write operation is currently underway. 


VOp-VO7 
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Characteristics subject to change without notice 


XM28C080S 


PIN DESCRIPTIONS 


Address (Ap—Aj9) 

The address inputs selects 8-bit memory location during 
a read or write operation. 

Chip Enable (CE) 

ALOWonthe CE input enables read orwrite operations. 


Output Enable (OE) 


The output enable input is active LOW and when as- 
sertedturns on the output buffers of the selected memory 
component. 


Write Enable (WE) 


The write enable input controls the writing of data to the 
XM28C080S. Addresses are latched on the high to low 
transition of WE and data is latched on the low to high 
edge of WE. 


Input/Output (1/O9-1/07) 


Data is read from or written to the XM28C080S through 
the I/O pins. 


PIN NAMES 


Output Enable 
Chip Enable 


Write Enable 
TOO; Data Input/Output 
Addresses Inputs 


+5V 


3877 PGM T01 
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PIN CONFIGURATION 
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XM28C080S 


Polling Operation Timing 


0.0.0.0 GE 0.0) 1, G00 0 


ADDRESS 


DEVICE OPERATION 


Read 


Read operations are initiated when both OE and CE are 
LOW. Data will be output from the memory location 
pointed to by the address inputs. The data bus will be in 
a high impedance state when either OE or CE inputs are 
HIGH. 


Write 


Write operations are initiated when both WE and CE are 
LOW and OE is HIGH. The module supports both a WE 
and a CE controlled write operation. That is, the address 
latched by the falling edge of either WE or CE, whichever 
occurs last. The data is latched by the rising edge of 
either WE or CE, whichever occurs first. A write opera- 
tion, once initiated, will continue to completion within 
10ms. 
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Page Write Operation 


A page write operation provides for the system a means 
for writing from two to two-hundred fifty-six bytes se- 
quentially. A page write, no matter how many bytes 
written, will take no longer than 10ms to complete. 


Polling Operations 


E2PROM memories can be written quickly in the write 
page mode. However, once the data is latched into the 
memory, the internal write operation can take up to 
10ms. The typical write cycle is somewhat less than 
10ms and the host system can take advantage of the 
shorter write cycle time by polling the memory. Polling is 
performed by the host reading the /ast location written. 
When the read data compares true with the data written, 
the internal cycle is complete and the memory is ready 
for normal read or write operations to resume. Refer to 
the timing diagram above. 


XM28C080S 


Software Data Protection (SDP) Resetting SDP 

The memory components on the module support SDP. Inthe event the user needs to reset SDP fortesting, they 
SDP, when enabled by the host system, will protect the may issue a six byte command sequence. After two the 
memory contents from inadvertent writes during the memory component will be returned to the standard 
power-up and power-down cycles. operating mode. This operation must be repeated for 


each component being reset. 
Setting SDP P g 


The host system must write a three byte command 
sequence to the module for each memory component 
to be protected. Once SDP is set, the memory will 
ignore all standard attempts to alter its contents. The 
host can still write the memory but must first reissue the 
three byte command sequence immediately followed by 
the byte or page write operation. 


TABLE 1. SOFTWARE DATA PROTECTION SEQUENCE 


15555 | AA __|_Aiz, Aig, and Aig must be the same for 
a aa a OAAAA | 55 _|_ the entire command sequence and any 
3 Write [75555 [Ad] subsequent write operation. 


4 Write XXXXX XX Optional write operation (byte or page) 
after opening access. 


The modules are shipped from Xicor with SDP reset; 
that is, the module will be in the standard operating 
mode. If the user decides not to employ the SDP, it is 
recommended they provide external inadvertent write 
protection circuitry. 


3877 PGM T02 


Note: Step 4 is optional. The system may exit the plete. Ifthe system enters step 4 (within tp; c) it May write 
routine after step 3 and the device will enter a write cycle from 1 to 256 bytes to the device addressed by the 
and set the nonvolatile SDP bit. This is a nonvolatile command sequence. 

write operation and will take a maximum 10ms to com- 


TABLE 2. RESET SOFTWARE DATA PROTECTION SEQUENCE 


[step | Operation | Ap-Are | DataPattern | Comments 

ee Ai7, Aig, and A;g must be the same for the 

[2 | Write | OAAAA | 55 __|_entire command sequence. 

| 8 | Write | 15555 | 80 

ee a 
a a a 


After twc, the selected component will 
return to the unprotected state. 


3877 PGM T03 


6-60 


XM28C080S 


MultiPlane Architecture 


The design of the XM28C080S has implemented a mul- 
tiplane architecture. That is, there are eight independent 
128K x 8 memory spaces or planes, each selected by its 
own chip enable input via the on-board decoder chip. This 
architecture can be utilized in a number of ways. 


Separate Data and Program Memory Spaces 


The multiplane concept allows the system to write to one 
plane of the module and still be able to read (continue 


Aig 


XM28C080S 


executing code) fromthe module, utilizing any plane not 
performing a write operation. 


This concept of separated data and program spaces can 
be expanded by providing a simple off-module circuit that 
will disable writes to predetermined portions of memory. A 
very basic version is shown in the Functional Diagram. 
Whenever Ajq is high, the WE input is forced high, write 
protecting one half the module. This half would be re- 
served for read only program store while the other half 
would be available for read and write data store. 


7 
ie 
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Expanded Sequential Page Lengths 


A standard system implementation would be decoding 
externally the module’s chip enable and then wiring 
each address of the module to its corresponding ad- 
dress line in the system. This would effectively provide 
the system a memory organized as eight separate 
memory planes with a sequential page address space of 
256 bytes. 


TABLE 3. ADDRESS TRANSLATION MATRIX 


In.an application such as data logging, the most efficient 
method of logging the data is in a sequential manner. If 
the data come in bursts that exceed 256 bytes in length 
a longer page might be desirable. By swapping address 
lines externally the effective page length can be ex- 
panded to 2048 bytes. Refer to Table 3 for matrix 
illustrating the various page length options. 


Module Address Inputs 


Ao-A7 


System Ao—A7z 
Address 


Lines 


Note: Theuser should be aware the overall lcc of the 
module will increase as more individual components on 


17 
, 


the module are activated. Refer to loc Active, MultiMode 
on Page 2. 


Effective 
No. of 


Page Size Planes 


18 256 


Aig 


A 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................... —10°C to +85°C 
Storage Temperature .............. ee —55°C to +125°C 
Voltage on any Pin with 

Respect to Ground ....................06 —0.5V to +6.0V 
DC OUTDO CUO osaacieocrinisitacnesntenisedaasnunsiiventsies 5 mA 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Commercial 70°C 


3877 PGM TOS 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
This is a stress rating only and the functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Limits 
5V+10% 


3877 PGM T06 


Supply Voltage 
XM28C080S 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol 
Ic 


C Voc Current (Active) 


Voc Current (Active) 
MultiMode 


loc 


Iu Input Leakage Current 
Output Leakage Current 
Input Low Voltage 


Output Low Voltage 


Output High Voltage 


Parameter 
Power-up to Read Delay 


[emer |i 
mA CE = OE = V;,, WE = Vin, 
All /Os = Open, one memory active, 
all other memories on standby 
39 mA 
+ (50 x n) 


Isp Voc Current (Standby) mA 
All Other Inputs = Don’t Care 


ee 
ee 

[cus fv OCO— 

Vin | Input High Voltage (| 20 | |v it SSS—™—SSS 
V a 
aa 


Test Conditions 


CE = OE = Vi, WE = Vin, 
All |/Os = Open, n memories active 
(either being read or in write cycle), 
all other memories standby 
CE = Vcc — 0.3V, All I/Os = Open, 


Vin = GND to Voc 
Vout = GND to Vcc, CE = Vin 


Input/Output Capacitance 


3877 PGM T08 


Test Conditions 


Input Capacitance 


3877 PGM T09 


Note: (1) These parameters are periodically sampled and not 100% tested. 


XM28C080S 


A.C. CONDITIONS OF TEST MODE SELECTION 


naive — 


Pe Active 

10 ns [Write | Dw | Active 
Input and Output 

Timing Reference Levels 


Standby and | High Z 
Write Inhibit 
Write Inhibit [| 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified.) 
Read Cycle Limits 


Symbol 


Read Cycle Time 180 


Figure Title 


ADDRESS 


'OLZ tOHZ 
(XK exavat | XXXXKKK oat} 


TAA 
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Write Cycle Limits 

| Symbot | Parameter, | Min, =| Max. | Units 
| two | Write CycleTime | | tems 
| ts | AddressSetupTime | | ts 
| tay | AddressHoldTime | | Ts 
| tes | Write SetupTime | Ts 
| itch | WriteHold Time | | ts 
| tow | ~~ ChipEnable PulseWidth = | 100, | | ts 
| tors | OE HighSetupTime | 10 | ts 
| torn | COE HighHoldTime | 10 | | ts 
| twe | WE PPulseWidth | 00 | ts 
| tweH | == WEHighRecovery | 100 | Ts 
| toy | iataati$ Es 
| tps | siataSetup | OE Ts 
| toe | Catal ss 
| tow | ielaytoNextwrite | tT es 


Byte Load Cycle 


WE Controlled Write Cycle 


ADDRESS 


“WT 


es 
- a ANN, 


‘OEH 
‘WP 


1500,000,9,050,¢ CE RD 050050000) 


3877 FHD F04 


6-65 


XM28C080S 


CE Controlled Write Cycle 


twe 


VVVVVVVVV VV VY 
KKK 


IV, 
/\ 


XY 


ADDRESS 


RY KRY KKK 
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Page Write Cycle 


=—\_{D. [7D [7D TT TD 1} 


twp tBLC 'WC 
WE _ 
'WPH 


(\/\ 
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE n BYTE n+1 
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SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 


from High to 
Low 


Don't Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
Steady 


Will change 
from Low to 


High 
Will change 


from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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64K XM20C64 8K x 8 
High Speed AUTOSTORE™ NOVRAM 


Advance Information 


FEATURES DESCRIPTION 
¢ High Speed: ta, = 55 ns The XM20C6é4 is a high speed nonvolatile RAM Module. 
¢ NO! Batteries!! It is Comprised of four Xicor X20C16 high speed 
¢ Low Power CMOS NOVRAMSs, ahigh speed “ACT” decoder and decoupling 
¢ AUTOSTORE™ NOVRAM Capacitors mounted ona FR-4 substrate. The XM20C64 
—Automatically Stores RAM data to E2PROM is configured 8K x 8 and is fully decoded. The module is 
upon Power-fail Detection a 28-lead DIP conforming to the industry standard 
¢ Open Drain AUTOSTORE Output Pin pinout for SRAMs. All the memory components and 
—Provides Interrupt or Status Information decoder are fully compliant with MIL-STD-883. 


—Linkabl mR ircui 
Linkable to System Reset Circuitry The XM20C664 fully supports the AUTOSTORE feature, 


ree nec providing hands-off automatic storing of RAM data into 
—Automatically Recalls E2PROM Data Durin f 
nabbed g E2PROM when Vecfalls below the AUTOSTORE thresh- 
* Fully Decoded Module i 
¢ Full Military Temperature Range The XM20C64 is a highly reliable memory component, 
— -55°C to +125°C supporting unlimited writes to RAM, aminimum 1,000,000 
¢ High Reliability store cycles and a minimum 100 year data retention. 


—Endurance: 1,00,000 Store Cycles 
—Data Retention: 100 Years 
ESD Protection 


—2>2KV All Pins 
FUNCTIONAL DIAGRAM 
NE 
OE 
WE 
ai1 —2d ao 
A12 34 Al 
CE 1 
" AO-A10 
1/O0-1/O7 
AUTOSTORE 3874 FHD FO1 
AUTOSTORE™ NOVRAM is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending Characteristics subject to change without notice 
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PIN DESCRIPTIONS 


Addresses (Ap-A;2) 


The address inputs select an 8-bit memory location 
during read and write operations. 


Chip Enable (CE) 


The chip enable input must be LOW to enable all read, 
write and user requested nonvolatile operations. 


Output Enable (OE) 


During normal RAM operations OE controls the data 
output buffers. If a hardware nonvolatile operation is 
selected (NE = CE=LOW) and OE strobes LOW a recall 
operation will be initiated. 


OE LOWwill always disable a STORE operation regard- 
less of the state of NE, WE, and CE so long as the 
internal transfer has not commenced. 


Write Enable (WE) 


During normal RAM operations WE = CE = LOW will 
cause data to be written to the RAM address pointed to 
by the Ag-Aj2 inputs. 


Nonvolatile Enable (NE) 


The nonvolatile input controls the transfer of data from 
the E2PROM array to the RAM array, when strobed 
LOW in conjunction with CE = OE = LOW. 


Data In/Data Out (I/Op-1/07) 


Data is written to or read from the X20C64 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


AUTOSTORE Output (AS) 


AS is an open drain output. When it is asserted (driving 
LOW) it indicates Vcc has fallen below the AUTOSTORE 
threshold and an internal store operation has been 
initiated. Because AS is an open drain output it may be 
wire-ORed with multiple open drain outputs and used as 
an interrupt input or as an input to a power on reset 
circuit. 


DEVICE OPERATION 


RAM operations are identical to those of a standard 
SRAM. When OE and CE are asserted data is presented 
at the I/Os from the address location pointed to by the 
Ao—Aj2 inputs. 


RAM write operations are initiated and the address input 
is latched by the HIGH to LOW transition of CE or WE, 


PIN CONFIGURATION 


3874 FHD FO2 


whichever occurs last. Data are latched on the rising 
edge of either CE or WE, whichever occurs first. 


An array recall, E7PROM data transferred to RAM, is 
initiated whenever OE = NE=CE=LOW. Arecallis also 
performed automatically upon power up. 


Command Sequence Operations 


The X20C64 employs a version of the industry standard 
Software Data Protection (SDP). The end user can 
select various options for transferring data from RAM 
into the E7PROM array. 


Allcommand sequences are comprised of three specific 
data/address write operations performed with NE LOW. 
A Store operation can be directly selected by issuing an 
Immediate Store command. The user may also enable 
and disable the AUTOSTORE function through the 
software data protection sequence. Refer to Table 1 
below for a complete description of the command se- 
quence. 


Operational Notes 


The X20C64 should be viewed as a subsystem when 
writing software for the various store operations. The 
module contains four discrete components each need- 
ing to be set to the required state individually. The two 
high order address bits (Aj, and Aj2) select only one of 
the four components. 


XM20C64 


TABLE 1 TABLE 2 


Command Hex) | Funetion 


Enable Autostore 
Disable Autostore 
[3 [Write [585 [Command — Perform immediate Store 


3874 Pgm T11 3874 Pgm T12 


It should be noted, the high order addresses should remain 
stable during the operations. It should also be noted that these 
commands are not global, that is only one device on the module 
will be affected by each command operation. 


* 


Command Sequence Timing Limits 


tsro_ | StoreTime | 
| tsp Command Write Pulse Width 
Inter Command Delay 


Note: All Write Command Sequence timings must conform to the standard write timing requirements. 


Command Write Sequence 


ADDRESS 


TTD. MTT LTT LTT LTT FT 


TTD. TTS TTT LTT LTT TDN 


DS 'bH 


sien [TA (TIT [TOT (TI, 
ANAY, LAY BURY LLY 


3874 FHD FO3 


XM20C64 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +125°C 
Storage Temperature .................006 —65°C to +125°C 
Voltage on any Pin with 

RESPOCt 10 GOUNNG i iivcwes scscestccasevscesns —1.0V to +7V 


RECOMMENDED OPERATING CONDITIONS 


Temperature | Min. [Max 


3874 PGM TO6 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the module. 
This is a stress rating only and the functional operation of 
the module at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect module reliability. 


XM20C64 5V t10% 


3874 PGM T07 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


( 

“0 
AUTOSTORE Output 
Voltage 


ee | 
AUTOSTORE 
a 
ae 
a 


NE = WE + Vip, CE = OE = Vi. 
Address Inputs = TTL Inputs @ f = 20MHz 
All /Os = Open 


Vin = GND to Voc 
Vin = GND to Voc, CE = Vin 


3874 PGM T08 


Parameter 


Power-Up (Vcc Min.) to RAM Operation 


. 
Power-Up (Vcc Min.) to Store Operation 


3874 PGM T10 


Notes: (1) Vi_ min. and Vjy max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


XM20C64 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


tao | ss ReadCycleTime | OTs | 
Tice | Chip Enable Access Time —=~=~=“*‘sdtS*“‘*‘“‘CSC*#*dSOC~*SSBSCS*«*dSCis 
tax | Address Access Time —=S=S=~=“*~‘“dS*“‘CSCS*dSOC#~‘sgSSSS*d ns | 
Mtoe | Output Enable Access Time —=—=S«dYSSSCSC~=<“~*~“~—rSCS*‘“~STSSC*dSCs 
ruz@ [CE Lowto OutputintowZ——S~—SC“‘COTC*SOOTSC*dSCs 
Mtoiz@ | OE Low to OutputintowZ—=S~—sSCSC“‘“‘S MSC 
tw) | CE High to OutputinLowZ—S~=~dSC=“<~‘“~sS*‘“‘*~™rCS*~<‘ S*~SCi SS 
Mton2) [OE Hightto OutputintowZ_———S~=~dSC“‘“‘C S*S*dSCSC“‘*‘ SCS*dSCs~ 

output Hod SSC=“s*sS~s‘iSSC‘ Sis 


3874 PGM T03 


ADDRESS 


a 0 


t 
AA 3874 FHD FO5 


Note: (3) tz min., tyz min., toLz min., and toyz min. are periodically sampled and not 100% tested. tyz max. and toyz max. are 
measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 


MODE SELECTION 


ce [WE [ NE [OE | Mode +~—~=«(Y~S*~<“*é‘a Ste ~SSSC*dSCéP er 
TELA issue Sottware Command [Data input ——~(| Active — 
te [HH | Output Bisabied | SSCSighzZ—SSS~*~dSCS*«CV 
TEAL Hardware Array Recall | ——‘HighzZ—S~dCS*CVe 
Tee tA Nop SSSC*Sgh ZS 
Pe pt ft ft [Not allowed =< SSighzZ——SS~wSCSC ve 


3874 PGM T04 


aa 
aa 
po 


i 
sl i 
ps 


a 


a 
i 
2 
=. 
a) 


r— 
om 
a 
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Write Cycle Limits 


Symbol 


Write Cycle time 
WE Pulse Width 
25 


tos | SSCiata Setup, CSC—“—~—~*~“s*~“~s~“—s~—rCOSCi 
tow | —SsiataHold SSCS—~—“—~S—‘—CSssSC“‘( OSC” 
tow | Output Active wom EndofWrte |S 
twa [End of WritetoRead——SSC=<~—dSC‘“‘*‘“ S:S:S*~*S 


3874 PGM T02 


Write Cycle Timing Diagram 


ADDRESS 


AAA 


AAAS 


low 
DATA OUT LAVAL YL YL A _ VIF AISA TTS FF JT 7 
FAP ss FL J BEREEEEESEEEERE' 


los IDH 


DATA IN DATA VALID 


3874 FHD F04 
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Array Recall Timing 


Array Recall Time 
Recall Strobe Pulse Width 50 
Delay From WE HIGH to Recall 


Note: The recall sequence must be repeated for each memory component individually. This is accomplished by sequencing through the 
Array Recall Cycle with all four combinations of Ay4, and Ayo. 


3874 PGM T05 


Array Recall Cycle 


ADDRESS Cees 


3874 FHD FO6 


EQUIVALENT TEST LOAD CIRCUIT 


3874 FHD F07 
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NOTES 


Advance information ® 
64K XM20C64FR 8K x 8 
High Speed AUTOSTORE™ NOVRAM 

FEATURES DESCRIPTION 

« High Speed: taa = 55ns The XM20C64FR is a high speed nonvolatile RAM 
« NO Batteries!! Module. It is comprised of four Xicor X20C 16 high speed 
* Low Power CMOS NOVRAMs, ahigh speed “ACT” decoder and decoupling 


AUTOSTORE™ NOVRAM 

—Automatically Stores RAM data to E2PROM 
upon Power-fail Detection 

Open Drain AUTOSTORE Output Pin 

—Provides interrupt or Status Information 

—Linkabie to System Reset Circuitry 

Auto Recall 

—Automatically Recalis E2PROM Data During 
Power-on 

Fully Decoded Module 

Two Temperature Ranges 

—Commercial 

—industrial 

High Reliability 

—Endurance: 1,000,000 Store Cycles 

—Data Retention: 100 Years 

ESD Protection 

—2>2KV All Pins 


Capacitors mounted on a FR-4 substrate. The 
XM20C64FR is configured 8K x 8 and is fully decoded. 
The module is a 28-lead DIP conforming to the industry 
standard pinout for SRAMs. 


The XM20C64FR fully supports the AUTOSTORE fea- 
ture, providing hands-off automatic storing of RAM data 
into E2PROM when Vcc falls below the AUTOSTORE 
threshold. 


The XM20C64FR is a highly reliable memory compo- 
nent, supporting unlimited writes to RAM, a minimum 
1,000,000 store cycles and a minimum 100 year data 
retention. 


FUNCTIONAL BLOCK DIAGRAM 
NE 


OE 
WE 
Ai1 —d Ao 
A12 —2d at 
cE : 
AUTOSTORE 


AUTOSTORE™ NOVRAN is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending 


3878-1 


A0-A10 


/Q0-1/O7 


3878 FHD F011 
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XM20C64FR 


PIN DESCRIPTIONS 


Addresses (Ap—Aj2) 


The address inputs select an 8-bit memory location 
during read and write operations. 


Chip Enable (CE) 


The chip enable input must be LOW to enable all read, 
write and user requested nonvolitile operations. 


Output Enable (OE) 


During normal RAM operations OE controls the data 
output buffers. If a hardware nonvolatile operation is 
selected (NE = CE=LOW) and OE strobes LOW a recall 
operation will be initiated. 


OE LOWwill always disable a STORE operation regard- 
less of the state of NE, WE, and CE so long as the 
internal transfer has not commenced. 


Write Enable (WE) 


During normal RAM operations WE = CE = LOW will 
cause data to be written to the RAM address pointed to 
by the Ap—Aj2 inputs. 


Nonvolatile Enable (NE) 


The nonvolatile input controls the transfer of data from 
the E2PROM array to the RAM array, when strobed 
LOW in conjunction with CE = OE = LOW. 


Data In/Data Out (1I/O9-1/07) 


Data is written to or read from the X20C64 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


AUTOSTORE OUTPUT (AS) 


AS is an open drain output. When it is asserted (driving 
LOW) itindicates Vcc has fallenbelow the AUTOSTORE 
threshold and an internal store operation has been 
initiated. Because AS is an open drain output it may be 
wire-ORed with multiple open drain outputs and used as 
an interrupt input or as an input to a power on reset 
Circuit. 


DEVICE OPERATION 


RAM operations are identical to those of a standard 
SRAM. When OE andCE are asserted data is presented 
at the I/Os from the address location pointed to by the 
Ao—Aj2 inputs. 


RAM write operations are initiated and the address input 
is latched by HIGH to LOW transition of CE or WE, 
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whichever occurs last. Data are latched on the rising 
edge of either CE or WE, whichever occurs first. 


An array recall, E7PROM data transferred to RAM, is 
initiated whenever OE = CE = LOW. A recall is also 
performed automatically upon power up. 


COMMAND SEQUENCE OPERATIONS 


The X20C64 employs a version of the industry standard 
Software Data Protection (SPD). The end user can 
select various options for transferring data from RAM 
into the E2PROM array. 


Allcommand sequences are comprised of three specific 
data/address write operations performed with NE LOW. 
A Store operation can be directly selected by issuing an 
immediate Store command. The user may also enable 
and disable the AUTOSTORE function through the 
software data protection sequence. Refer to Table 1 
below for a complete description of the command se- 
quence. 


OPERATIONAL NOTES 


The X20C64 should be viewed as a subsystem when 
writing software for the various store operations. The 
module contains four discrete components each need- 
ing to be set to the required state individually. The two 
high order address bits (Aj; and A;2) select only one of 
the four components. 


XM20C64FR 


TABLE 1 


pt | Write | 555 | A 
[2 [Write [2Aa 
3 [Write [555 | Command 


3878 Pgm T11 
It should be noted, the high order addresses should remain 
stable during the operations. It should also be noted that these 
commands are not global, that is only one device on the module 
will be affected by each command operation. 


* 


Command Sequence Timing Limits 


Parameter 


fe 
Command Write Pulse Width «| =O 


| tspH | Inter Command Delay 


TABLE 2 


Command Hex) [Function 
Enable Autostore 
Disable Autostore 
[33 | Perform Immediate Store 


3878 Pgm T12 


a 


3878 PGM 115 


Note: All Write Command Sequence timings must conform to the standard write timing requirements. 


Command Write Sequence 


ADDRESS 


We [L/h ///) 
NE Nh Nem WS 


DS 'bH 


[ { {\ 


DATA IN REY, 


[L/L 
[/1L) 


TIE ss KEELEY cw KELO 


LAAAY 


TTT 7 
[TTT 


eae 


3878 FHD FO5 


L/L) 
[L[1L) 


LAAAY LAA VY 


XM20C64FR 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +125°C 
Storage Temperature ...................... —65°C to +125°C 
Voltage on any Pin with 

Respect to Ground .................cceeee —1.0V to +7V 


RECOMMEND OPERATING CONDITIONS 


Commercial 
Industrial 


3826 PGM T02 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the module. 
This is a stress rating only and the functional operation of 
the module at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect module reliability. 


XM20C64FR 5V +10% 


3826 PGM T03 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


NE = WE = Vip, CE = OE = Vj 
Address Inputs = TTL Inputs @ f = 20MHz 
All /Os = Open 


Vout = GND to Voc, CE = Vin 


POWER-UP TIMING 


tpuw 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Vcc = 5V. 


Power-Up (Vcc Min.) to RAM Operation 


500 
Power-Up (Vcc Min.) to Store Operation 


Input/Output Capacitance 


Input Capacitance 


3826 PGM T06 


Notes: (1) Vi min. and Viy max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


XM20C64FR 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


Chip Enable Access Time 


Address Access Time fC 
Out Enable Access Ti es ee 


CE Low to Output in Low Z 
OE Low to Output in Low Z 
CE High to Output in Low Z 


OE High to Output in Low Z 
Output Hold 


ADDRESS 


OM) Came) OKA _DATAVALID 


TAA 
3878 FHD FO3 


wee ee | 


Mode Selection 


| Control Input States Input States cde 
CE | WE | NE | OF | 
HH | x | xX | X_| Module NotSelected | —HighZ_—— | Stancty 


3878 PGM T15 


XM20C64FR 


Write Cycle Limits 


Symbol Parameter 


Min 
Write CycleTime 
WE Pulse Width 
tow | _CEPulse Width ——SSSCS~—~—SC“*‘“SSC 
ths | Address Setup, ———=—“‘*‘~*=‘SC‘ C*‘*” 
tos | ——iDataSewp SS —“—*~*~*SCSC*~*~rCS~—“‘ S!S*C*” 
a ae 
eee 
a 


Data Hold 
Output Active from End of Write 
End of Write to Read 


3826 PGM T10 


Write Cycle Timing Diagram 


ADDRESS 


AAA 


Ah 


tow 
ot ane Saenae eee 
SAM R Ss, SE BREREEEERREEE’ 


'pw DH 


DATAIN DATA VALID 


3878 FHD F04 
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ARRAY RECALL CYCLE LIMITS 


Array Recall Cycle 


ADDRESS 


Array Recall Cycle Time 
Recall Pulse Width to Initiate Recall 
WE Setup Time to NE 


\\ 
YAN) 


Parameter 


Twin, [Max 
0 
| 50 | 
| oo | 


3878 PGM T13 


eo 
L/// 


\ 


a 


'RWE oe 


L [J \\\AANAY 


\AAAAAAAAAAA 


DATA I/O 


rT [f — \AXA\AAYY 


3826 FHD F10 


Note: (5) The Recall Pulse Width (tacp) is a minimum time that NE, OE and CE must be LOW simultaneously. To insure data integrity, NE 
and CE must return HIGH after initiation of and through the duration (tRcc, 10 ps) of the Recall operation. During tacoc, OE and 
WE may go LOW providing the host access to other devices in the system. 


SYMBOL TABLE 


WAVEFORM 


INPUTS 


Must be 
steady 


May change 
from Low to 
High 


May change 
from High to 
Low 


Don’t Care: 
Changes 
Allowed 


N/A 


OUTPUTS 


Will be 
steady 


Will change 
from Low to 
High 


Will change 
from High to 
Low 


Changing: 
State Not 
Known 


Center Line 
is High 
Impedance 
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EQUIVALENT A.C. LOAD CIRCUIT 


OUTPUT 


3878 FHD FO7 
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NOTES 
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Advance Information 


64K XM20C64S 
High Speed AUTOSTORE™ NOVRAM 
FEATURES DESCRIPTION 


High Speed: tag = 55 ns 
NO! Batteries!! 


¢ AUTOSTORE™ NOVRAM 


—Automatically Stores RAM data to E2PROM 
upon Power-fail Detection 

Open Drain AUTOSTORE Output Pin 

—Provides Interrupt or Status Information 

—Linkable to System Reset Circuitry 

Low Power CMOS 

Auto Recall 

—Automatically Recalls E2PROM Data During 
Power-on 

Fully Decoded Module 

Two Temperature Ranges 

—Commercial 

—Industrial 

High Reliability 

—Endurance: 1,00,000 Store Cycles 

—Data Retention: 100 Years 

ESD Protection 

—>2KV All Pins 


The XM20C64S is a high speed nonvolatile RAM Moa- 
ule. It is comprised of four Xicor X20C16 high speed 
NOVRAMs, ahighspeed “ACT” decoder and decoupling 
Capacitors mountedonaFR-4 substrate. The XM20C64S 
is configured 8K x 8 and is fully decoded. The module is 
a 36-pin SIP conforming to the industry standard pinout 
for SRAMs. 


The XM20C64S fully supports the AUTOSTORE fea- 
ture, providing hands-off automatic storing of RAM data 
into E-PROM when V¢¢ falls below the AUTOSTORE 
threshold. 


The XM20C64S is a highly reliable memory component, 
supporting unlimited writes to RAM, aminimum 1,000,000 
store cycles and a minimum 100 year data retention. 


FUNCTIONAL DIAGRAM 
NE 


OE 
WE 


AUTOSTORE 


AUTOSTORE™ NOVRAM is a trademark of Xicor, Inc. 
©Xicor, 1991 Patents Pending 


3875-1 


AO-—A10 


1/O0-1/07 


3875 FHD F01 
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XM20C64S 


PIN DESCRIPTIONS 


Addresses (Ap-A42) 


The address inputs select an 8-bit memory location 
during read and write operations. 


Chip Enable (CE) 


The chip enable input must be LOW to enable all read, 
write and user requested nonvolatile operations. 


Output Enable (OE) 


During normal RAM operations OE controls the data 
output buffers. If a hardware nonvolatile operation is 
selected (NE =CE=LOW) and OE strobes LOW arecall 
operation will be initiated. 


OELOWwill always disable a STORE operation regard- 
less of the state of NE, WE, and CE so long as the 
internal transfer has not commenced. 


Write Enable (WE) 


During normal RAM operations WE = CE = LOW will 
cause data to be written to the RAM address pointed to 
by the Ap-Aj2 inputs. 


Nonvolatile Enable (NE) 


The nonvolatile input controls the transfer of data from 
the E2PROM array to the RAM array, when strobed 
LOW in conjunction with CE = OE = LOW. 


Data In/Data Out (I/Op-1/07) 


Data is written to or read from the X20C64 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


AUTOSTORE Output (AS) 


AS is anopen drain output. When it is asserted (driving 
LOW) itindicates Vcc has fallen below the AUTOSTORE 
threshold and an internal store operation has been 
initiated. Because AS is an open drain output it may be 
wire-ORed with multiple open drain outputs and used as 
an interrupt input or as an input to a power on reset 
Circuit. 


DEVICE OPERATION 


RAM operations are identical to those of a standard 
SRAM. When OE and CE are asserted data is presented 
at the I/Os from the address location pointed to by the 
Ao—Aj2 inputs. 


RAM write operations are initiated and the address input 
is latched by the HIGH to LOW transition of CE or WE, 
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whichever occurs last. Data are latched on the rising 
edge of either CE or WE, whichever occurs first. 


An array recall, E2PROM data transferred to RAM, is 
initiated whenever OE = NE=CE=LOW. Arecallis also 
performed automatically upon power up. 


XM20C64S 


TABLE 1 TABLE 2 


step [Operation [Ay-Avs'| Data Pattern | [Command (Hex) | Function 


Enable Autostore 
Disable Autostore 
Perform Immediate Store 


3875 Pgm T11 3875 Pgm T12 


* It should be noted, the high order addresses should remain stable during the operations. It should also be noted that these commands are 
not global, that is only one device on the module will be affected by each command operation. 
Command Sequence Operations and disable the AUTOSTORE function through the soft- 
ware data protection sequence. Referto Table 1 below for 


The X20C64 employs a version of the industry standard a complete description of the command sequence. 


Software Data Protection (SDP). The end user can 


select various options for transferring data from RAM Operational Notes 

into the E2PROM array. The X20C64 should be viewed as a subsystem when 
All command sequences are comprised of three specific writing software for the various store operations. The 
data/address write operations performed with NELOW. A module contains four discrete components each need- 
Store operation can be directly selected by issuing an ing to be set to the required state individually. The two 
Immediate Store command. The user may also enable high order address bits (Aj 1, and Aj2) select only one of 


the four components. 


Command Sequence Timing Limits 


Symbol Parameter ay a 


| tsro | StoreTime | 
Command Write Pulse Width a ee 
inter Command Delay 35 


Note: All Write Command Sequence timings must conform to the standard write timing requirements. 


Command Write Sequence 


ADDRESS 


TTX ATT. LTT. — LTT LTT 


TTX TT. LTT LTT LTT 


DS 'DH 


[TIN [TITAN (TIT [TIN 
DATA IN TANRY, ALAA {55 ) Aa 


3875 FHD FO03 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +125°C 
Storage Temperature .................... —65°C to +125°C 
Voltage on any Pin with 

Respect to Ground .............. eee —1.0V to +7V 


RECOMMENDED OPERATING CONDITIONS 


Commercial 
Industrial 


3875 PGM T06 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the module. 
This is a stress rating only and the functional operation of 
the module at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect module reliability. 


XM20C64S 5V +10% 


3875 PGM T07 


D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Symbol 
Voc Active Current 


loco Voc Active Current 
(AUTOSTORE 
Voc Standby Current fe 4 
InputLeakage Current | | 


Output Leakage Current 
Input Low Voltage ~0 


Output Low Voltage 0. 


Votas | AUTOSTORE Output 0 
Voltage 


Output High Voltage 2.4 


POWER-UP TIMING 


0 
5 
0 
0) 
4 
4 


NE = WE + Viy, CE = OF = Vi. 
Address Inputs = TTL Inputs @ f = 20MHz 
All l/Os = Open 


1) 
input High Voltage 


3875 PGM T08 


tpuR 


Power-Up (Vcc Min.) to Store Operation 


CAPACITANCE Ta = 25°C, F = 1.0MHZ, Voc = 5V. 


Power-Up (Vcc Min.) to RAM Operation 00 
5 


Conditions 


Input/Output Capacitance 


2) 
Input Capacitance 


Notes: (1) Vi min. and Vj max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


3875 PGM T10 


XM20C64S 


A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


mms) me 


[chip Enable Access Time ——SSSCidSO 

Tita | Address Access Time ——SSSOSC~—dSCSC‘~*~*~*~S 

Mtoe [Output Enable Access Time —S~sSC<“CS*‘“‘*~* 

ruz@ [CE Lowto OutputintowZ——S~dSCtCi‘SSSCdCSSS~ds 
a a ee 
oS 
a 
a er 


OE Low to Output in Low Z 
CE High to Output in Low Z 
OE High to Output in Low Z 


| ton | Output Hold 


Read Cycle Timing Diagram 


ADDRESS 


Ch a 0 


TAA 


3875 FHD FO5 


Note: (3) tLz min., tyz min., toLz min., and toyz min. are periodically sampled and not 100% tested. tyz max. and toyz max. are 
measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 


MODE SELECTION 

ee [WE [NE [OE Mode —=«(|~=S*~*~«i Sate 

TOT HL Read RAM dSSCSCSC«éata Opa 

ot aX Write RAM SSdSSCS~Céi ata input iC 
Output Disabled 
Toe tA NoopSdSCOSCS*~‘ gH ZSSSC*~dSCS*Ct 
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Write Cycle Limits 


Symbol 


Write Cycle time 
WE Pulse Width 
CE Pulse Width 


Write Cycle Timing Diagram 


3875 PGM T02 


ADDRESS 


\AAWAMAANY 


AAAS 


low 
DATAQUT _\.\-VN-NVS a ererssssees 
SPITZ sZ, BEBE EEEREEE EE’ 


tos tDH 


DATA IN DATA VALID 
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Array Recall Timing 


Limits 
Parameter 


Array Recall Time ee ee ee 


Recall Strobe Pulse Width 
Delay From WE HIGH to Recall 


Note: The recall sequence must be repeated for each memory component individually. This is accomplished by sequencing through the 
Array Recall Cycle with all four combinations of A;4, and Aj2. 
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Array Recall Cycle 


ADDRESS OO XXX KAT DOXA AAA 


3875 FHD F06 


EQUIVALENT TEST LOAD CIRCUIT 


1 
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NOTES 


Advance Information ® 
128K XM20C128S 16K x8 
High Speed AUTOSTORE™ NOVRAM 

FEATURES DESCRIPTION 
¢ High Speed: Taa = 55ns The XM20C128S is a high speed nonvolatile RAM 
¢ NO! Batteries!! Module. It is comprised of eight Xicor X20C16 high 
¢ Low Power CMOS speed NOVRAMS, a high speed “ACT” decoder and 
¢ AUTOSTORE™ NOVRAM decoupling capacitors mounted on a FR-4 substrate. 
— Automatically Stores RAM Data to E27PROM The XM20C128S is configured 16K x 8 and is fully 
upon Power-fail Detection decoded. The module is a 36-pin SIP conforming to the 
¢ Open Drain AUTOSTORE Output Pin industry standard pinout for SRAMS. 


— Interrupt or Status Information 


—Linkable to System Reset Circuitry The XM20C128S fully supports the AUTOSTORE fea- 


ture, providing hands-off automatic storing of RAM data 


S pseaicaly Recalls E2°ROM Data During into E2PROM when VCC falls below the AUTOSTORE 
Power-on threshold. 
¢ Fully Decoded Module The XM20C128S is a highly reliable memory compo- 
¢ Three Temperature Ranges nent, supporting unlimited writes to RAM, a minimum 
—Commercial 1,000,000 store cycles and a minimum 100 year data 
— Industrial retention. 
¢ High Reliability 


—Endurance: 1,000,000 Store Cycles 
—Data Retention: 100 Years 

ESD Protection 

—2>2KV All Pins 


AUTOSTORE™ NOVRANM is a trademark of Xicor, Inc. 


©Xicor, 1991 Patents Pending 6-93 Characteristics subject to change without notice 
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FUNCTIONAL BLOCK DIAGRAM 


Ait 
Ai2 
Ai3 


Ao-A10 


V/O9-/07 


AUTOSTORE 
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PIN DESCRIPTIONS PIN CONFIGURATION 


Addresses (Ap—A;3) 


The address inputs select an 8-bit memory location 
during read and write operations. 


Chip Enable (CE) 


The chip enable input must be LOW to enable all read, 
write and user requested nonvolatile operations. 


Output Enable (OE) 


During normal RAM operations OE controls the data 
output buffers. If a hardware nonvolatile operation is 
selected (NE =CE =LOW) and WE strobes LOW arecall 
operation will be initiated. 


OE LOWwill always disable a STORE operation regard- 
less of the state of NE, WE, and CE so long as the in- 
ternal transfer has not commenced. 


Write Enable (WE) 


During normal RAM operations WE = CE = LOW will 
cause data to be written to the RAM address pointed to 
by the Ap—A}2 inputs. 


Nonvolatile Enable (NE) 


The nonvolatile input controls the transfer of data from 
the E2PROM array to the RAM array, when strobed 
LOW in conjunction with CE = OE = LOW. 


Data In/Data Out (1/O9—-1/O7) 


Data is written to or read from the X20C128S through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH or when NE is LOW. 


AUTOSTORE Output (AS) 


AS is an open drain output. When it is asserted (driving 
LOW) it indicates Vcc has fallen below the AUTOSTORE 
threshold and an internal store operation has been 
initiated. Because AS is an open drain output it may be 
wire-ORed with multiple open drain outputs and used as 
an interrupt input or as an input to a power on reset 
Circuit. 


3879 FHD F02 
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DEVICE OPERATION 

RAM operations are identical to those of a standard select various options for transferring data from RAM 
SRAM. When OE and CE are asserted data is presented into the E¢7PROM array. 

Ao-Aj3 Inputs. data/address write operations performed with NE LOW. 
A Store operation can be directly selected by issuing an 
Immediate Store command. The user may also enable 
and disable the AUTOSTORE function through the 
software data protection sequence. 


RAM write operations are initiated and the address input 
is latched by the HIGH to LOW transition of CE or WE, 
Whichever occurs last. Data are latched on the rising 
edge of either CE or WE, whichever occurs first. 


An array recall, E2PROM data transferred to RAM, is Operational Notes 

initiated whenever OE = NE=CE=LOW. Arecallis also The X20C128S should be viewed as a subsystem when 

performed automatically upon power up. writing software for the various store operations. The 
module contains eight discrete components each need- 

Command Sequence Operations ing to be set to the required state individually. The three 

The X20C128S employs a version of the industry stan- high order address bits (A;1, Ay2 and Aj3) select only 

dard Software Data Protection (SDP). The end user can one of the eight components. 


TABLE 1. COMMAND SEQUENCE 


Enable AUTOSTORE 
Disable AUTOSTORE 
Perform Immediate Store 


*It should be noted, the high order addresses should remain stable during the operations. It should also be noted that 
these commands are not global, that is only one device on the module will be affected by each command operation. 


oe [Mode S=YSCS*S*~«wO State SSC 
= 


x 


MODE SELECTION 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —65°C to +125°C 
Storage Temperature ...................00 —65°C to +125°C 
Voltage on any Pin with 

Respect to Ground ...............cccccccceees —1.0V to +7V 


RECOMMENDED OPERATING CONDITIONS 


3879 PGM TO6 


*COMMENT 

Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the module. 
This is a stress rating only and the functional operation of 
the module at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect module reliability. 


Supply Voltage 
XM20C128S 5V +10% 
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D.C. OPERATING CHARACTERISTICS (Over recommended operating conditions unless otherwise specified.) 


Voc Active Current 


loc2 | Voc Active Current 
AUTOSTORE) 


mbol 
( 
2 
OLAS 
VOH 


AUTOSTORE Output Voltage 
| Von | Output High Voltage 


POWER-UP TIMING 


Nh o) 


Test Conditions 


NE = WE = Vip, CE = OF = Vi, 
Address Inputs = TTL Inputs @ f = 20MHz 
All |/Os = Open 


mA | All Inputs = Vjy All 1/Os - Open 


All Inputs = Vcc—0.3V All I/Os = Open 


Vin = GND to Voc 
Vin = GND to Voc, CE = Vin 


= 
> 
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Power-Up (Vcc Min.) to RAM Operation 


Power-Up (Vcc Min.) to Store Operation 


Input/Output Capacitance 
input Capacitance 


3873 PGM TOS 


| Units | Conditions 


3879 PGM T10 


Notes: (1) Vi_ min. and Vjy max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Over the recommended operating conditions unless otherwise specified) 
Read Cycle Limits 


Limits 
Parameter 


| toe | 
| torz(9)_| 


io) 
ton [Output Hold 


Read Cycle Timing Diagram 


ADDRESS 


1 a 0) 


t 
AA 3879 FHD F05 


Note: (3) tLzmin., tyz min., toLz min., and ona are periodically sampled and not 100% teseted. ty7 max. and toyz max. are 
measured from the point when CE or return high (whichever occurs first) to the time when the outptus are no longer driven. 


EQUIVALENT TEST LOAD CIRCUIT 
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Write Cycle Limits 


Symbol! 


WE Pulse Wiath nae 

CE Pulse Width ee 
Address Setup ee es 
“tos Data Setup ee 
Data Hold 0s 
Output Active from End of Wit es 
End of Write to Read ee 
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Write Cycle Timing Diagram 


ADDRESS 


AANAAAAANS 
WA 


low 
DATAOUT ~=«- JN DNDN - SPFSTTATTSRSS, 
fi Sis ff J SEBBEEEEREERER' 


lps Leys 


DATA IN DATA VALID 
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Array Recall Timing 


Limits 
Parameter 


trace Array Recall Time ee ee 


Recall Strobe Pulse Width 
Delay From WE HIGH to Recall 


Note: The recall sequence must be repeated for each memory component individually. This is accolmplished by sequencing through the 
Array Recall Cycle with all eight combinations of Aj, Ay2 and A413. 
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Array Recall Cycle 
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Command Sequence Timing Limits 


Limits 
Parameter 


| StoreTime | 
Command Write Pulse Width | 80. «| 
inter Command Delay ee 


Note: All write command sequence timings must confrom to the standard write timing requirements. 


Command Write Sequence 


ADDRESS 


0 Nem 0 Ne Ob Ne Ne 0S 0 


> Ne WAT Ne 0b Nec Ob Nec AS 0 


tos DH 


(TD (TTI (TIII (TID 
DATA IN AMY, EUERY, (55) TA AN 
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NOTES 
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Xicor Military Program Overview 


INTRODUCTION 


Xicor, Inc. is committed to supplying products that meet 
the demands of the Military and High Reliability market- 
place. Xicor’s high performance Textured Poly Floating 
Gate (TPFG) and Direct Write cell offer an intrinisic 
reliability, when combined with the screening require- 
ments of MIL-STD-883 produces an extremely enhanced 
product. 


The Xicor Quality Assurance Program has been de- 
signed to be carried out by all employees in order to 
maintain the highest standards in producing these prod- 
ucts. The backbone of the system is a self-auditing SPC 
program that has been implemented throughout the 
company. This program influences product definition, 
product design, testability criteria, fabrication process 
and final test philosophies. 


Every Xicor product is designed to meet or exceed 100% 
functionality over the full military temperature range. 
This attention to detail in design has lead to the manu- 
facture of the only floating gate 5 Volt, byte alterable 
memories qualified for use by the oil industry in down 
hole drilling operations at 170°C for both read and write 
operations. In addition, Xicor’s continued exploitation of 
its proprietary TPFG technology has allowed it to main- 
tain a generation lead indie size for all product densities. 


MIL-STD-883 and SMD Products 


Xicor offers two different military category products. 
Most Xicor products are available with processing 100% 
compliant to paragraph 1.2.1 of MIL-STD-883. Sec- 
ondly, a large number of products are available to the 
SMD (Standardized Military Drawing) program adminis- 
tered by DESC. These products are not only fully com- 
pliant with MIL-STD-883 but they are also screened to 
the electrical requirements set forth in the individual 
SMDs. 


ADDITIONAL DATA AND SERVICES 


Source Control Drawings 


Customers may provide source control drawings for 
Xicor review and quotation. To reduce overall product 


cost to the customer and to assure full compliance with 
the requirements of MIL-STD-883, Xicor will, on occa- 
sion, respond with waiver requests. Xicor must review 
and accept a customer source control drawing prior to 
acceptance of an order. Orders to SCDs must be placed 
directly with the factory to assure compliance. A cus- 
tomer may, however, purchase standard Xicor product 
with REFERENCE ONLY to the SCD either directly from 
the factory or through one of Xicor’s franchised distribu- 
tor locations. 


Quality Conformance Inspection Data 


QClI Groups A and B are performed on each lot of 
devices as standard procedure for all MIL-STD-883 
products. This data is available to the customer and 
should be requested at the time of quotation to insure its 
shipment with the product. 


Generic QCI data for Groups C and D which qualify 
the product being shipped is also available. 


Attributes data (copies of the the lot travelers) are also 
available for customer purchase. This requirement should 
be so noted prior order placement. 


Customer Source Inspection 


Customer Source inspection may be performed at final 
ship point at Xicor. This requirement must be specified 
and quoted prior to or placement. The standard source 
inspection is comprised of the following: 


- Group Atesting: Sample size based on Table | Method 
5005 MIL-STD-883, LTPD values and Table B-1 Ap- 
pendix B of MIL-M-38510. 


* Documentation review of all travelers, drawings and 
purchase orders. 


The following sections contain: detailed screening and 
test methods performed for all MIL-STD-883 compliant 
products; reference tables listing compliant Xicor prod- 
ucts, aSMD to Xicor part number cross reference table, 
a description of Xicor’s Military Die Program and a white 
paper discussing the decassification procedures for 
Xicor’s E7PROMs. 
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MIL-STD-883 FLOWS 


ASSEMBLY, ENVIRONMENTAL AND FINAL TEST SCREENING METHODS 


Internal Visual 100% 
100% 
2001, Condition E, Y-Axis 100% 

Seal: 1014, Condition A or B 100% 

014, Condition C 
fExemalVisulSS~— OOS 

Pre Burn-in Electricals 


Post Burn-In and Final Electricals‘) Per Device Data Sheet 


| 


Static Tests Subgroups 1, 2, 3 100% 
Functional Tests Subgroups 7, 8A, 8B 100% 
Switching Tests Subgroups 9, 10, 11 100% 


Dynamic Tests Subgroup 4 (Method 3012) Periodically Tested 
Solder Dip Lead Finish (As Applicable) MIL-M-38510, Paragraph 3.5.6.2.1a. 


Seal:@) 1014, Condition A or B 
1014, Condition C | Sample 


External Visual 20090 100% 


Quality Conformance Inspection () 5005, Class B Sample 


Notes: (1) Percent defective allowable (PDA) is 5% (Subgroups 1 and 7) for each lot. 
(2) Sample tested in accordance with Method 5004. 
(3) Sample tested in accordance with Class B requirements for Groups A, B, C and D. 
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QUALITY CONFORMANCE INSPECTIONS, METHOD 5005 


The following Tables illustrate the Groups A, B, C and D Tests, Test Methods, Conditions and frequency of testing 
for all qualified products. 


TABLE 1. GROUP A ELECTRICAL TESTS (Performed on each lot or sublot) 


i 
re 
11 


LTPD* 
116/0 


8 
8 
[Switching Tests at 55° SSC~<“—*~“—*‘~dSC“‘C‘SNOWO#*#*dSSOC‘zN 


TABLE 2. GROUP B ASSEMBLY INTEGRITY TESTS (Performed on each lot) 


Subgroup 2 

Resistance to Solvents 2015 Top and Bottom Mark 4/0* 
Subgroup 3 

Solderability 2003 Solder Temperature: +245°C +5°C 10 
Subgroup 5 

Bond Strength 2011 Condition D 15 


TABLE 3. GROUP C DIE RELATED TESTS (Performed periodically per MIL-STD-883, paragraph 1.2.1) 


Subgroup 1 5 
1005 


Condition D 
Subgroups 1, 2, 3, 7, 8, 9, 10, 11 
Per Applicable Device Specification 


Steady State Lifetest 
Endpoint Electricals 


*LTPD=Quantity/Accept Number 
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Test 
Subgroup 1 


Physical Dimensions 
Subgroup 2 
Lead Integrity 
Seal: Fine 
Gross 
Subgroup 3 
Thermal Shock 
Temperature Cycling 
Moisture Resistance 
Endpoint Electricals 
Seal: Fine 
Gross 
Visual Examination 
Subgroup 4 
Mechanical Shock 
Variable Frequency Vibration 
Constant Acceleration 
Seal: Fine 
Gross 


TABLE 4. GROUP D PACKAGE RELATED TESTS (Performed periodically per MIL-STD-883, paragraph 1.2.1) 


2004 
1014 
1014 


1011 
1010 
1004 
5005 
1014 
1014 
1010 and 1004 


Condition B2, Lead Fatigue 
Condition Aor B 
Condition C 


Condition B, 15 Cycles 
Condition C, 100 Cycles 

10 Cycles 

Subgroups 1, 2, 3, 7, 8, 9, 10, 11 
Condition A or B 

Condition C 


Condition B, 1.5 kg at 0.5 ms 
Condition A, 4 Cycles X, Y, & Z 
Condition E, 30 kg, Y1 
Condition A or B 

Condition C 


Visual Examination 
Endpoint Electricals 


Subgroups 1, 2, 3, 7, 8, 9, 10, 11 
Per Applicable Device Specification 


Subgroup 5 
Salt Atmosphere Condition A, 24 Hours 
Seal: Fine Condition Aor B 
Gross Condition C 
Visual Examination 


Subgroup 6 
Internal Water Vapor Content 1018 5000 ppm at 100°C 
Subgroup 7 15 
Adhesion of Lead Finish 2025 (LTPD Applies to Leads) 
Glass Frit Seal Packages Only 


Subgroup 8 
Lid Torque 


*LTPD = Quantity/Accept Number 


7-4 


Military Program Overview 


TOPSIDE MARK 


The topside mark of each MIL-STD-883 compliant device provides complete wafer lot, assembly and screening lot 
traceability. This marking appears as an alphanumeric code as shown below: 


FF YYWWA12345ABC 


Inspection Lot Identification Code 
YYWW = Seal Date Code 
A12345ABC = Inspection Lot # 
Traceability: Assembly Plant 
Wafer Lot 
Assembly Lot 
Screening Lot 


FF = Die Fabrication Date Code 


In addition, the following items will appear as part of the topside marking: 
Xicor Logo 
Xicor CAGE Code Number: 60395 
MIL-STD-883 Compliance Indicator: C 
ESD Identifier: V 


Notes: On some packages, either the Xicor Logo or the CAGE Code number will apear, but not both. 


BACKSIDE MARK 
The backside mark provides wafer lot and assembly lot traceability. This appears in an alphanumeric code as follows: 


Seal Week 


Assembly Type 
B = 883 Compliant 


Assembly 

Location | OO Die Fabrication 
‘COUNTRY’ WW B FF Date Code 
23 C (A) A12345A 


Die Code | i Assembly Lot # 


Die Sub Rev. 
(N/A To Some Product) 


Die Rev. 
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MIL-STD-883 PRODUCT LISTING 


Package Style and 
Lead/Pin/PAD Count 
Xicor Part 
Number Organization Speeds* 


NOVRAMS| | 
X28C10 
x20C12 
x2ocoa_| Si2x8 | 200s 
X20C05 
x20C16 2 
“SerialNOVRAMS | 
X2aCad 
K2aCa5 


Page 
Number 


wal 
Ww 
O 


B 


il 
O 
; 


= 
ee) 
> 
: 


oe) 


cal 
Ww 
. 
[: 


4 
Ww 
O 
: 


1) i.e) NO} RO] DO] DP 
food Rock mook mee) 

O1 

ice) 

o>) 

Y 

© 

co 

O1 

<e) 

ee 

: 

co 

oO 


O 
g 
a 
a 
ae 
a ae 
8 | 
ae TBD 
‘SerialEPROMS ||| es 
-xeacoz | 256x8 | O-100KHz | 8 | __ 
rxeacoa[ 512x8 | O-100KHz | 6 | 
2K x8 o-100KHz | 8 | 
E2POT Digitally Controlled Potentiometer | | | ae ae 
xoouMe TOT C~“‘“aCC CTC eo a 
5 Volt, Byte Alterable E2PROMs ee ae ee aa 
5962-87514 
 xesHoes | 8Kx8 | 85-120ns__ | 28 | 32 _ 
150-300ns 5962-68525 
X28TC256 
6 
 xescs13 | 6aKx@ | 120-250ns_ | «| 32 5962-90869 
: 
"Microcontroller Peripheral Memory || en 
rxesces | 8Kx8 |  120ns | S| 


* Speeds for parallel access devices is tAA in ns; for serial devices speed is min. to max. clock rate in Hz. 
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Standardized Military Drawing (SMD) 
Numeric Cross Reference Guide 


MIL-STD-883 Package Page Product 
Part Number Style Number Description 


X28C010EMB-25 2 LCC 
X28C010DMB-25 as CERDIP 
X28C010FMB-25 FLATPACK 


5962-3826701 MUX! 
5962-3826701 MXX 
5962-3826701 MZX 


5962-3826703 MUX X28C010EMB-20 LCC 


5962-3826703 MXX X28C010DMB-20 32 CERDIP 128K x 8 
5962-3826703 MZX X28C010FMB-20 FLATPACK 5 Volt 
Byte 
5962-3826705 MUX X28C010EMB-15 30: LCC Alterable 
5962-3826705 MXX X28C010DMB-15 32 CERDIP E2PROM 


5962-3826705 MZX X28C010FMB-15 FLATPACK 


LCC 
32 CERDIP 
FLATPACK 


X28C010EMB-12 
X28C010DMB-12 
X28C010FMB-12 


5962-3826707 MUX 
5962-3826707 MXX 
5962-3826707 MZX 


28 CERDIP 
32 LCC 
28 FLATPACK 


X28C64DMB-25 
X28C64EMB-25 
X28C64FMB-25 


5962-8751403 XX 
5962-8751403 YX 
5962-8751403 ZX 


8K x 8 
5962-8751404 XX X28C64DMB-20 28 CERDIP 5 Volt 
5962-8751404 YX X28C64EMB-20 32 LCC Byte 
5962-8751404 ZX X28C64FMB-20 28 FLATPACK Alterable 
E2PROM 


28 CERDIP 
32 LCC 
28 FLATPACK 


X28C64DMB-25 
X28C64EMB-25 
X28C64FMB-25 


5962-8751405 XX? 
5962-8751405 YX? 
5962-8751405 ZX? 


1. UX = 32 PAD LCC for the 1Mbit Device 
2. These devices are screeened for 100,000 write cycle endurance 


LEGEND - SMD SUFFIX 


M = MIL-STD-883 XX = CERDIP 
PX =CERDIP (8 Lead) YX=LCC 
UX = PGA ZX = FLATPACK 


VX = CERDIP (18 Lead) 


7-7 


Military Program Overview 


5962-8852502 UX 
5962-8852502 XX 
5962-8852502 YX 
5962-8852502 ZX 


5962-8852503 UX 
5962-8852503 XX 
5962-8852503 YX 
5962-8852503 ZX 


5962-8852504 UX 
5962-8852504 XX 
5962-8852504 YX 
5962-8852504 ZX 


5962-8852505 Ux? 
5962-8852505 Xx? 
5962-8852505 YX° 
5962-8852505 ZX? 


5962-8852506 UX 
5962-8852506 XX 
5962-8852506 YX 
5962-8852506 ZX 


5962-8863401 UX 
5962-8863401 XX 
5962-8863401 YX 
5962-8863401 ZX 


5962-8863403 UX 
5962-8863403 XX 


5962-8863403 YX 
5962-8863403 ZX 


5962-8959001 PX 


5962-8966701 PX 


MIL-STD-883 
Part Number 


X28C256KMB 
X28C256DMB 
X28C256EMB 
X28C256FMB 


X28C256KMB-25 
X28C256DMB-25 
X28C256EMB-25 
X28C256FMB-25 


X28C256KMB-20 
X28C256DMB-20 
X28C256EMB-20 
X28C256FMB-20 


X28C256KMB-25 
X28C256DMB-25 
X28C256EMB-25 
X28C256FMB-25 


X28C256KMB-15 
X28C256DMB-15 
X28C256EMB-15 
X28C256FMB-15 


X28HC256KMB-12 
X28HC256DMB-12 
X28HC256EMB-12 
X28HC256FMB-12 


X28HC256KMB-90 
X28HC256DMB-90 


X28HC256EMB-90 
X28HC256FMB-90 


X24C04DMB 


X24C16DMB 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 

28 CERDIP 
32 LCC 

28 FLATPACK 


28 PGA 
28 CERDIP 


32 LCC 
28 FLATPACK 


8 CERDIP 


8 CERDIP 


STANDARDIZED MILITARY DRAWING (SMD) NUMERIC CROSS REFERENCE GUIDE (Continued) 


Package Page Product 
Style Number Description 


32K x 8 
5 Volt 
Byte 
Alterable 
E2PROM 


32K xX 8 
5 Volt 
Byte 
Alterable 
E2PROM 


512 x8 


Serial E2PROM 


2K x8 
Serial E2PROM 


3. These devices are screened for 100,000 write cycle endurance 


LEGEND - SMD SUFFIX 


M = MIL-STD-883 XX = CERDIP 


PX = CERDIP (8 Lead) YX=LCC 
UX = PGA ZX = FLATPACK 
VX = CERDIP (18 Lead) 
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STANDARDIZED MILITARY DRAWING (SMD) NUMERIC CROSS REFERENCE GUIDE (Continued) 


MIL-STD-883 Package Page Product 
Part Number Style Number Description 


5962-9086901 MUX X28C512KMB-25 36 PGA 3-127 
5962-9086901 MXX X28C512DMB-25 32 CERDIP 
5962-9086901 MYX X28C512EMB-25 32 LCC 


5962-9086901 MZX X28C512FMB-25 32 FLATPACK 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


X28C512KMB-25 
X28C512DMB-25 
X28C512EMB-25 
X28C512FMB-25 


5962-9086902 MUX4 
5962-9086902 MXx4 
5962-9086902 MYX4 
5962-9086902 MZx4 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


X28C512KMB-20 
X28C512DMB-20 
X28C512EMB-20 
X28C512FMB-20 


5962-9086903 MUX 
5962-9086903 MXX 
5962-9086903 MYX 
5962-9086903 MZX 


X28C512KMB-20 
X28C512DMB-20 
X28C512EMB-20 
X28C512FMB-20 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


5962-9086904 MUX4 
5962-9086904 MXx4 
5962-9086904 MYX?4 
5962-9086904 MZx4 


64K x 8 
5962-9086905 MUX X28C512KMB-15 36 PGA 5 Volt 
5962-9086905 MXxX X28C512DMB-15 32 CERDIP Byte 
5962-9086905 MYX X28C512EMB-15 32 LCC Alterable 
5962-9086905 MZX X28C512FMB-15 32 FLATPACK E2PROM 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


X28C512KMB-15 
X28C512DMB-15 
X28C512EMB-15 
X28C512FMB-15 


5962-9086906 MUX4 
5962-9086906 MXx4 
5962-9086906 MYX4 
5962-9086906 MZx4 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


X28C512KMB-12 
X28C512DMB-12 
X28C512EMB-12 
X28C512FMB-12 


5962-9086907 MUX 
5962-9086907 MXX 
5962-9086907 MYX 
5962-9086907 MZX 


36 PGA 
32 CERDIP 
32 LCC 

32 FLATPACK 


X28C512KMB-12 
X28C512DMB-12 
X28C512EMB-12 
X28C512FMB-12 


5962-9086908 MUX4 
5962-9086908 MXx4 
5962-9086908 MYX4 
5962-9086908 MZx4 


5962-9086909 MYX X28C513EMB-25 32 LCC 


5962-9086910 MYX4 X28C513EMB-25 32 LCC 
5962-9086911 MYX X28C513EMB-20 32 LCC 
5962-9086912 MYX4 X28C513EMB-20 32 LCC 


32 LCC 
32 LCC 
32 LCC 
32 LCC 


X28C513EMB-15 
X28C513EMB-15 
X28C513EMB-12 
X28C513EMB-12 


5962-9086913 MYX 
5962-9086914 MYX4 
5962-9086915 MYX 

5962-9086916 MYX4 


4. Write Cycle Time = 5ms 
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Military Die Products Program 


FEATURES 


¢ High Performance Advanced CMOS Technology 
e 0°C to 70°C Operating Temperature 
¢ 100 Year Data Retention 
¢ 95% Yield Excluding Assembly Related Losses 
¢ Commercial Data Sheet Parameters 
(except input levels) 
¢ Die Visually Inspected to MIL-STD-883, 
T/M 2010 Condition B 
¢ Optional Die Element Evaluation per 
MIL-STD-883,T/M 5008 


DESCRIPTION 


Xicor die products are fabricated with Xicor’s Advanced 
CMOS Floating Gate technology. Like all Xicor pro- 
grammable nonvolatile memories, they are 5V only 
devices. 


TEST FLOW 


WAFERS FROM 
FABRICATION 


SORT TO 
STANDARD 
SORT PROGRAM 


RETENTION 
BAKE 


SORT TO 
SUPER SORT 
PROGRAM 


SAW & PLATE 
DIE 


Xicor die products are designed and tested for applica- 
tions requiring extended endurance. Data retention is 
specified to be greater than 100 years. 


Products to be shipped in die form follow the flow shown 
below. This insures a 95% yield (excluding assembly 
related losses) to the commercial data sheet. The slow- 
est datasheet access time is guaranteed. All A.C. pa- 
rameters and D.C. parameters except input and output 
voltages are guaranteed. 


For military applications, Xicor now offers die with ele- 
ment evaluation testing per MIL-STD-883. A description 
of the element evaluation testing can be found on the 
following page. 


Bonding diagrams, die size/thickness and other infor- 
mation required for use of die can be obtained from your 
local Xicor sales representative. 


OPTICAL 
INSPECTION 


WAFFLE PACK 


FINISHED DIE 
INVENTORY 


CUSTOMER SEES 
95% YIELD* AFTER 
ASSEMBLY 


“EXCLUDING ASSEMBLY 
RELATED LOSSES 
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DIE ELEMENT EVALUATION 


Test samples shall be taken from the same wafer lot as the production die, assembled and tested to the die element 
evaluation as specified in paragraph 3.2 of Test Method 5008, MIL-STD-883, Class B. 


Subgroup Test Method Quantity (Accept No.) 


Internal Visual 2010, Condition B 10 (0) 
Final Electricals” Per Applicable Device Specification 10 (1) 
Wire Bond Evaluation 2011, Condition C or D 10 (0) wires or 20 (1) wires 


Notes: (1) Final Electricals to be performed at customer's specified temperature range. 


DIE ORDERING INFORMATION 
When ordering, please specify die in waffle pack or die in wafer form. 


Part number suffix: H = Die in waffle pack 
W = Die in wafer form 
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Declassification Procedures 
For Xicor 5 Volt Only E7PROMs 


Richard Palm and Cliff Zitlaw 


INTRODUCTION 


With their introduction into the market place, 5 volt only 
E*PROMs were quickly designed into many military 
electronics systems. They provided a mechanism for 
easily updating data bases and software programs 
without the requisite board removal and component 
changes associated with other nonvolatile semiconduc- 
tor memories. Because the E7PROMs might contain 
Classified data, many OEMs were required to provide a 
means of erasure. 


This paper will review the basics of the technology, two 
techniques employed for chip declassification and a 
complete description of Xicor’s declassification experi- 
ments and results will be reviewed. 


DEVICE OPERATION 


Xicor E7PROMs employ Fowler-Nordheim tunneling to 
transfer charge onto or off of a floating gate. The 
voltages required to transfer charge are generated on- 
board the device. 


Figure 1 is a Cut away view of the cell structure. Poly 1 
acts as both the cell ground isolation transistor and 
programming cathode; Poly 2 is the floating gate; and 
Poly 3 acts as both the select word line transistor and 


Figure 1. Cell Cross Section 


PROGRAM 
3909 FHD F01 


3909-1 


erase tunnel anode. Poly 2 is totally surrounded by an 
oxide electrically isolating it from all other device struc- 
tures. Its channel region acts as both the floating gate 
charge-conditional current path for reading and the data 
conditional current path for writing. 


A schematic representation is illustrated in Figure 2. 
Because the construction of the cell incorporates the 
poly 1 to 2 programming and poly 2 to 3 erase tunneling 
elements in a single structure, data storage is a direct, 
single pass operation, involving the following sequence. 
First the poly 1 line, common to the entire array, is 
brought low, cutting off the conduction path from bit line 
through the cellto array ground. Next, the bit lines are set 
up to either OV for an erase operation or about 16V for 
a program operation. The poly 3 word line is ramped up 
to about 22V in 1ms to drive the nonvolatile charge 
transport. To erase, the bit line is grounded, whereupon 
the channel voltage under poly 2 capacitively steers the 
floating gate towards ground. This induces sufficient 
voltage across the poly 3/2 tunneling element to remove 
electrons from the floating gate. When the bit line is high 
for programming, the channel potential steers the float- 
ing gate positively. This induces sufficient voltage across 
the poly 2/1 tunneling element to inject electrons onto 
the floating gate. 


Figure 2. Equivalent Cell Circuit 


BIT LINE 


SELECT TRANSISTOR 


FLOATING GATE 


ARRAY GROUND 
ISOLATION 
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During tunneling, charge will be trapped in the interpoly 
oxides. This trap-up is caused by the accumulation of 
trapped negative charge in the dielectric due to the 
repeated passage of current. These charges create a 
potential which is additive and opposite to that of the 
floating gate. 


The basic cell operation and description of charge trap 
in the dielectric is fundamental background for under- 
standing the experiments described in later sections. 
For detailed descriptions of device operation and endur- 
ance in floating gate memories refer to Xicors 1988 Data 
Book. 


First Generation Chip Clear Techniques 


E2PROMs require a relatively long period of time to 
program/erase data on the floating gate. The maximum 
time generally specified for the first generation devices 
(X2816A) was 10ms per byte. In a manufacturing/test 
environment each byte must be programmed and veri- 
fied with multiple patterns at all Vcc limits and tempera- 
ture limits. With the X2816A, a 2K x 8 device, one rewrite 
of the entire array would take approximately 20 sec- 
onds. When multiplied times all the test variables, the 
test time would begin to take minutes per device. 


In order to reduce test times most manufacturers incor- 
porated test modes whereby the entire array could be 
erased (changed to all 1s) or programmed (changed to 
all Os) in a single 10ms cycle. 


This operation for Xicor devices is performed by raising 
the OE input to Vog (a voltage higher than Vcc), setting 
the I/Os to aspecified TTL level and strobing the WE and 
CE inputs LOW. This whole operation is similar to a 
standard write operation with the exception of Voe. 


Itshould be noted that Vog is not coupled into the device. 
The high voltage on OE is detected by the input circuitry 
and conditions the internal logic for a chip mode 
operation (sometimes referred to as block mode or 
mass mode). The high voltage required for tunneling is 
generated by the device’s on-board charge pumps. 


The timing diagrams and input level requirements were 
shared with the OEMs requiring these functions. The 
chip erase (not chip program) function was subse- 
quently specified on various Standardized Military Draw- 
ings and slash sheets; thereby, becoming de facto 
standard features. 


Second Generation Chip Clear Techniques 


The X28256 was the first device to employ software data 
protection. This feature was developed to eliminate the 
most common design problem encountered with 5 volt 
only nonvolatile memories, inadvertent writes during 
power-up/-down cycling. During power transitions, posi- 
tive control of E7-PROM inputs cannot always be guaran- 
teed before system stabilization. This can lead to inad- 
vertently generating write conditions to the E7PROMs, 
resulting in corrupted data. 


Based on Xicor’s experience in resolving these system 
design issues, the company implemented software data 
protection. When employed by the end user, the device 
will ignore all attempts to write unless a specific three 
byte command sequence is issued (refer to Xicor Data 
Book). 


Expanding onthe three byte command sequence, Xicor 
implemented 5 volt only chip erase and chip program 
algorithms that may be employed to completely erase or 
program the device in a single 10ms operation. This is 
illustrated in Figure 3. 


Figure 3. 5 Volt Only Chip Erase and Chip 
Program Algorithm 


WRITE AA 
TO ADDRESS 
5555 


WRITE 55 
TO ADDRESS 
2AAA 


WRITE 80 
TO ADDRESS 
5555 


WRITE AA 
TO ADDRESS 
5555 


WRITE 55 
TO ADDRESS 
2AAA 


WRITE 10 
TO ADDRESS 
5555 


WAIT 10ms 
FOR ERASE 
TO COMPLETE 


WRITE AA 
TO ADDRESS 
5555 


WRITE 55 
TO ADDRESS 
2AAA 


WRITE 80 
TO ADDRESS 
5555 


WRITE AA 
TO ADDRESS 
5555 


WRITE 55 
TO ADDRESS 
2AAA 


WRITE 00 
TO ADDRESS 
5555 


WAIT 10ms 
FOR PROGRAM 
TO COMPLETE 
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Classified Erase Experiment 


Recently a number of our customers have requested 
data regarding the effectiveness of the chip erase modes. 
Their contractual requirements have specified 
declassification procedures that do not specifically en- 
compass E2PROMs. The declassification procedures 
default to those reserved for ferrite core memories. This 
requires a minimum 100 erase/program cycles for se- 
cret and below data and a minimum 1000 erase/pro- 
gram cycles for top secret data. 


Incertain applications where data has to be declassified 
on a daily basis or end of work shift basis, the specified 
procedures would predominate over actual useful data 
writes as the end of life endurance mechanism. 


Intuitively we understood the requirements to be far in 
excess of actual need. From daily test operation it was 
evident that after a chip erase or program operation the 
contents would be read back as all 1s or all Os under 
normal operating conditons. 


In order to prove no “residual” data could be read out 
under any conditions, Xicor proceeded with a study: 
first, to determine if there was a method of data recovery; 
secondly, if there was recoverable data, what was the 
optimum method of declassification. 


Background 


The tests performed for this report were done with the 
full Knowledge of the device’s internal and external 
operating characteristics, including all the device’s pro- 
prietary test modes. Once the device is fully erased or 
programmed in a single pass there is no known method 
of scanning the die in a non-intrusive manner to detect 
latent or residual data patterns. Therefore a method had 
to be found which would make a read operation most 
sensitive to floating gate charge or other residual charge 
which might be a result of previously stored data. 


Reading Data 


A highly sensitive method of reading needed to be found 
to insure the results of the experiment were valid. The 
X28C256 has a proprietary test mode which allows 
measurement of individual cell currents. During the 
experiments, cell currents were recorded after 
declassification and downloaded to a computer. The 
data were passed througha software filter that emulated 
a self centering sense amplifier, approximately three 
times more sensitive than the on-chip sense amplifier. 
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Figure of Merit 


A figure of merit rating was employed to determine the 
effectiveness of declassification tests. The figure of 
merit was derived by exclusive or’ing the erased pattern 
with the original pattern and summing the result over the 
array. This number is then divided by the total number of 
bits to give a figure of merit. A figure of 0.5 would mean 
the data has been totally scrambled, while less than 0.5 
would mean the complement data is appearing, and for 
more than 0.5 would mean the original data is appear- 
ing. For example 0.8 means that 20% of the bits are 
randomly different from the original pattern. Therefore, 
a figure of merit of 0.5 would be the ideal result. 


Moving Address Pattern 


A moving address pattern was employed to eliminate 
any potential misinterpretation of data due to the physi- 
Cal proximity of cells to ground planes or voltage lines. 


The Experiments 


It was well known that under normal device operation, 
randomly changing the data pattern on a regular basis 
or infrequently performing software updates, a single 
chip erase operation would be sufficient to insure no 
data could be recovered. Therefore, based on knowl- 
edge of the device a worst case experiment was devel- 
oped. Worst case would be iteratively writing the same 
data pattern to the device, maximizing traps in the 
interpoly oxides. It was known that latent charge (or lack 
of charge) onthe floating gate after erasure would not be 
detectable, but the traps might modify the local electric 
fields enough to be detectable under laboratory condi- 
tions. 


Experiment #1. Gathering A Baseline 


The tests were originally performed on units provided 
from production after basic go/no-go tests without full 
screening. The test consisted of writing the moving 
address pattern to the device 4,000 times without any 
intervening pattern being written. After a single pass 
chip erase (all 1’s) and chip program (all 0’s) inthe 5 volt 
only mode, the pattern was not detectable when reading 
under normal operating conditions. However, by em- 
ploying the proprietary test mode under an extreme 
voltage condition on Vcc and using the computer analy- 
sis tool a latent pattern could be detected with a figure of 
merit of 0.79. This was not a read of the floating gate 
charge, but a detection of the traps caused by the 
iterative writing of the same pattern. 
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Experiment #2. Impact Of Standard Screening 


The experiment was then continued to determine the 
effect of standard production precycling. This precycling 
is normally performed to screen infant mortality failures 
prior to shipment. The screen is repetitive erase/pro- 
gram cycles which would cause trap-up. Trapping is 
logarithmic; therefore, after precycling any additional 
writing would not add many traps, reducing the likeli- 
hood of data recovery. 


After precycling, the devices were cycled 4,000 times 


Figure of 
Merit 
Erase 1 oy 
Program1 55 
Erase 2 Ryd 
Program2 52 


Experiment #4. Chip Erase Only As A Means Of 
Declassification 


Additional units were cycle 100,000 times with the 


with the moving address pattern. This was followed by 
five 5 volt only erase/program cycles, yielding a read 


moving address pattern. These units were then sub- 
jected to 5 volt only chip erasure. The results are as 


back figure of merit of 0.53 under the special test follows: 
conditions. 
Figure of 

Experiment #3. Impact Of High Temperature Merit 
During Declassification 

: Erase 1 59 
In this experiment, devices were subjected to 2000 Erase 2 55 
cycles of the same moving address pattern. 5 volt only Erase 3 53 


erase and program was performed at + 125C with the 
following results: 


Recommendations—lIn most applications a single erase operation is sufficient, in worst case applications three 
to five erase/program cycles will render the data totally unrecoverable. Below are application examples and 
recommended methods of declassification. 


Data logging—where monitored data are stored in sequential fashion as the data are generated. This is 
generally done by simply incrementing the address for each new data to be stored; when reaching the end of 
the allocated memory space recording begins at address zero. Single chip erase cycle (10ms) or single chip 
erase/program cycle (20ms). 


Program storage—where the program is updated infrequently with data changing ina random manner. Single 
chip erase cycle (10ms) or a single chip erase/program cycle (20ms). 


Program storage—where the data are frequently updated but only the data actually changed is being rewritten. 
Single chip erase cycle (10ms) or a single chip erase/program cycle (20ms). 


Program storage—where the data are frequently updated, most of the data is unchanged and all addresses 
are rewritten for each update. 


a. Perform a single erase/program cycle prior to each update. Then for declassification a single chip erase/ 
program cycle (20ms) would be required. 


. Ifdata are loaded at beginning of each work shift and data then declassified at end of each work shift; perform 
end of shift declassification utilizing a single chip erase/program cycle (20ms). 


. lIfdata are frequently updated with no intervening erase/program cycles then declassify with three chip erase/ 
program cycles (100ms). 


Any inquiries regarding this paper should be made to: 


Xicor Military Marketing Department 
851 Buckeye Court 

Milpitas, CA 95035 

Phone: (408) 432-8888 
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Footnote: 


This report has shown the effectiveness of the 5 volt only Classified Erase Algorithm under various applications 
conditions. Because the internal mechanism is identical for the Vo¢ operating mode, the conclusions are valid for its 
use also. 


It should be noted for applications where neither 5 volt only erase/program nor the Vog method of erase/program are 
suitable; writing all 1's in either byte or pag emode is equivalent to a chip erase operation and writing all O's is equivalent 
to a chip program operation. 


Below is a cross matrix table indicating by product the method of chip erase/program employed. Where Vog mode 
is defined the Vog voltage and I/O conditions required are also defined. 


Txesices [tev Ct FF 
[xeacass | tev [—~—ioS*~<“~—rSCS~“‘CSCSSS™~*dSC“‘SSC Ys” 
Txeanczss [tev | —iooS”*~—“~—rSCS*~“~*~SsSSSCSC*~‘“dRSC“‘CN™C‘NOsS™=™C™C™CSC 


1/00 — /O7 
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Individual device timing requirements are available from Xicor. Address states are "don't care" for this operation. Once 
initiated, the operation (either chip erase or chip program) is self-timed and will complete within 10ms. 


Ordering Information 


The required mode of declassification must be stated prior to ordering the applicable Xicor MIL-ST D-883 device. Xicor 
does not guarantee declassification on “off-the-shelf? MIL-STD-883 product. 


Please contact your local Xicor Sales Office for availability and ordering information. 
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NOTES 


Military Product Burn-in Circuits and Timing 


Figure 1. X20C04, X20C05, X20C16 Burn-in Circuit 


a 
1?) 


A8 
Ag 


= 
@ 


CLK-3 
A10 
CLK-1/2 (1) 


CLK-1: Rows 1, 3, 5... (odd rows CE-A) 

CLK-2: Rows 2, 4, 6... (even rows CE-B) 

CLK-2 = CLK-1 

WE (Pin 27) must be hardwired to Vcc (Pin 28) at device as shown. 

I/O Pull Up: 2.0 K ohms, I/O Pull Down: 1.4 K ohms 

All Resistors: 1% Metal Film, 1/4 Watt 

Pin 24 (AQ) and Pin 25 (A10) are no connects on the X20C04 and X20C05. 


Pin 26 (AS) is ano connect on the X20C04. 
3906 FHD FO1 
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Figure 2. X20C16 Burn-In Circuit 


CLK 1/2(1) 


220 (x8) 


ary tI LI Lou 
20 Dg D7 CE AOE 
mie 


5 


ae (BOTTOM VIEW) 


‘Chip Enable’ Clock Assignments: 

CLK-1: All Odd Rows 

CLK-2: All Even Rows 

Such that: CLK-2 = CLK-1 

Pin 31 (WE) must be hardwired to Vcc (Pin 32) at device. 
All resistors: 1% metal film, 1/4 Watt 

I/O Isolating resistor = 220Q 
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Figure 3. X20C04, X20C05, X20C16 Burn-in Timing 


ADDRESSES A0-A10 


(CLK-1) 
CE-A 


(CLK-2) 
CE-B 


(CLK-4) 
NE 


(CLK-5) 
OE 


20 
TIME (us) 


Notes: (1) ADDRESS Lines: 0-10 
ADDRESS Cycle: 40 ps 
(2) WE disabled (tied to Vcc at device) 
(3) Vin, LOW: 0.4V, Vin HIGH: 5.0V 


(4) Voc: 5.50V 3906 FHD Fos 
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Figure 4. X22C10, X22C12 Burn-in Circuit 


A7 
A4 
A3 
A2 
Al 
AO 
CLK-1/2 


499(4x) 1.0K (4x) 


Pin 1 (A7) and Pin 17 (Ag) are no connects (NC) for the X22C10. 
STO must always be hardwired to Vcc (Pin 18) at device. 

/O Pull Up: 1.0 KQ 

I/O Pull Down: 4992 

All resistors: 1% metal film; 1/4 W. 

Socket-to-Socket isolation as shown. 

CLK-1: Rows 1, 3, 5... (odd rows—CS-—A) 

CLK-2: Rows 2, 4, 6... (even rows—CS-B) 


Such that: CLK-2 = CLK-1 3906 FHD F12 


Notes: (1) AO-A7: Binary Sequencing TIME (1s) 
Address Cycle: 40us 
(2) WE disabled (tied to Vcc at device) 
(3) Vin Low: 0.4V, Vin, High: 5.0V 
(4) Voc: 5.50V 3906 FHD FO7 
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Figure 6. X24C02, X24C04, X24C16 Burn-in Circuit 


Notes: (1) Test (Pin 7) hardwired to Vss (Pin 4) at socket. 
(2) SDA (Pin 5) socket-isolated as shown—143K (R1) resistor. 
(3) Resistor: 1% metal film, 1/4W 
(4) AO, Ai, A2 must be set to logic ‘0', by connecting them to ground. 3906 FHD Fo2 


Figure 7. X24C02, X24C04, X24C16 Burn-in Timing 


SCL 
(CLK-7) 


SDA 
(CLK-8) 


Notes: (1) All addresses: AO—A2 tied to Vss 
(2) Voltage levels: 
Vin HIGH = 5.0V 
Vin LOW = 0.4V Max. 
(3) Voc = 5.50V 3906 FHD Fos 
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Figure 8. X24C44 and X24C45 Burn-in Circuit 


Notes: (1) STO (Pin 7) must be hardwired to Vcc (Pin 9) at device as shown. 
(2) All resistors: 1% metal film, 1/4Watt 


(3) Socket-to-socket isolation as shown. 
3906 FHD F18 


Figure 9. X24C44 and X24C45 Burn-in Timing 


10 p SEC HIGH 
4 i 20 up SEC PERIOD 


> SU UU $k 
(CLK-7) 


| DEVICE OUTPUT 
(16 CLOCK PERIODS) 
ae. 1 \AgXAaXArX Ao] 1 | 1 | 1 | oe oe 


CE/RCL 
(CLK-5) 


TIME (uSEC) 555 575 595 


Notes: (1) AO through A3 bindary count in data steam (10000111 through 11111111). 
(2) All bits 20 ps wide; 60 ps between bytes. 
(3) Voc = 5.50V, Vin HIGH = 5.00V, Vin, LOW = 0.4V Max. 


3906 FHD F19 
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Figure 10. X28C512, X28C010 (LCC) Burn-in Circuit 


CLK 1/2(1) 
CLES. Ag Ais 


(BOTTOM VIEW) 


1.0 pFD 
VsstF Voc 


‘Chip Enable’ Clock Assignments: 

CLK-1: All Odd Rows 

CLK-2: All Even Rows 

Such that: CLK-2 = CLK-1 

Pin 31 (WE) must be hardwired to Vcc (Pin 32) at device. 

All resistors: 1% metal film, 1/4 Watt 

I/O Pull Up: 2.00K 

I/O Pull Down: 1.40K 3906 FHD F04 
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Figure 11. X2816C, X28C64, X28HC64, X28C256, X28HC256, X28C513 (LCC) Burn-in Circuit 


CLK 1/2(1) 


nN 
~A 


(BOTTOM VIEW) 


1.0 pFD 
Vsg 1 F-Vec 


G) 
= 


‘Chip Enable‘ Clock Assignments: 

CLK-1: All Odd Rows 

CLK-2: All Even Rows 

Such that: CLK-2 = CLK-1 

Pin 31 (WE) must be hardwired to Vcc (Pin 32) at device. 

All resistors: 1% metal film, 1/4 Watt 

I/O Pull Up: 2.00K 

1/0 Pull Down: 1.40K 3906 FHD FOS 
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Figure 12. X28C512, X28C010 Burn-in Circuit 


Zz 
?) 


A8 
AQ 

Att 

CLK-3 
A10 
CLK-1/2 (1) 


‘Chip Enable’ Clock Assignments: 

CLK-1: All Odd Rows 

CLK-2: All Even Rows 

Such that: CLK-2 = CLK-1 

Pin 31 (WE) must be hardwired to Vcc (Pin 32) at device. 
All resistors: 1% metal film, 1/4 Watt 

/O Pull Up: 2.00K 

I/O Pull Down: 1.40K 

Pin 2 (A16) is ano connect on the X28C512. 


3906 FHD FO3 
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Figure 13. X2816C (DIP) Burn-in Circuit 


QO 


oOo @ 


Note A: CLK-1: Rows 1, 3, 5 ... (odd rows—CEa) 


CLK-2: Rows 2, 4, 6 ... (even rows—CEp) 
Such that: CLK-2 = CLK-1 


(1) WE must always be hardwired to Vcc (Pin 24) at device as shown. 
(2) All resistors: 1% metal film, 1/4 Watt 
(3) I/O Pull Up: 2.0KQ 
I/O Pull Down: 1.4KQ 
(4) Socket-to-socket isolation as shown. 


7-28 


PS-1 
A8 
AQ SEE NOTE 5 


CLK-3 
A10 SEE NOTE 5 
CLK-1/2 SEE NOTEA 
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Figure 14. X28C64, X28HC64, X28C256, X28HC256 (DIP) Burn-in Circuit 


ine) 
oO 


SEE NOTE 5 A14 PS-1 
Al2 


> 
N 
il 


A13 SEE NOTE 5 

A8 

AQ 

Al1 

CLK-3 

A10 

CLK-1/2 SEE NOTEA 


A6 
A5 
A4 
A3 
A2 
Al 
AO 


PS-2 


Note A: CLK-1: Rows 1, 3,5... (odd rows—CEa) 
CLK-2: Rows 2, 4,6 ... (even rows—CEp) 
Such that: CLK-2 = CLK-1 


(1) WE must always be hardwired to Vcc (Pin 28) at device as shown. 
(2) All resistors: 1% metal film, 1/4 Watt 
(3) I/O Pull Up: 2.0KQ 
I/O Pull Down: 1.4KQ 
(4) Socket-to-socket isolation as shown. 
(5) Pin 1 (A14) and Pin 26 (A13) are no connects (NC) for the X28C64, X28HC64. 
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Military Product Burn-in Circuits and Timing 


Figure 15. X2816C, X28C64, X28HC64, X28C256, X28HC256, 
X28C512, X28C513, X28C010 (LCC) Burn-in Timing 


ADDRESS 0-16 


(CLK-1) 
CE-A 


(CLK-2) 
CE-B 


(CLK-3) 


OE 


Notes: (1) Address Lines 0-16: Binary Sequencing 
Address Cycle: 40us 
(2) WE disabled (Tied to Vcc at device) 
(3) Vin Low: 0.4V, Vin, High: 5.0V 
(4) Voc: 5.50V 3906 FHD F10 
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Military Product Burn-in Circuits and Timing 


Figure 16. X9CMME Burn-in Circuit 


Notes: (1) CS (Pin 7) hardwired to Vss (Pin 4) at socket. 
(2) Vw (Pin 5) is socket-isolated as shown—5K ohm resistor. 
(3) Resistor: 1% metal film, 1/4W 3906 FHD Fos 


Figure 17. X9CMME Burn-in Timing 


5.120 ms CYCLE 


TIME (ms) 


Notes: (1) Device U/D cycle: 5.12 ms 
(2) Device INC cycle: 20 us 
(3) Low State: 0.4V Max. 
High State: 5.0V Typ. 
Voc: 5.50V, V;, (PS-3): -5.50V poseanrai 
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Military Product Burn-in Circuits and Timing 


Figure 18. X88C64, X68C64 Burn-in Circuit 


Notes: (1) Pin 23 is tied to PS2 (5.0V). 

(2) Pin 18 is tied to Vcc at socket. 

(3) Pin 5 is tied to Vcc at socket. 

(4) Isolation resistors on A/D pins are 10K ohms. 
(S) 


All resistors: 1% metal film, 1/4W 3906 FHD £13 


Figure 19. X88C64, X68C64 Burn-in Timing 


ADDRESS A0-A12 


(CLK-1) 
Pin 16 


(CLK-4) 
Pin 22 


(CLK-5) 
Pin 6 


Notes: (1) Address lines: 0-12 
Address Cycle: 40us 
(2) Pin 23 disabled (tied to PS2) 
(3) Vin Low: 0.4V, Vin, High: 5.0V 
(4) Veco: 5.50V 
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Die Size and Pad Location 
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NE Voc Voc 
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X20C16 Die Revision A 
.203 x .151 
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X22C10 Die Revision B 
.067 x .081 
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Die Size and Pad Location 


X24C00 Die Revision B 
.037 x .044 


3912 Fra FOS 


X24C01A Die Revision B 
.053 x .077 
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X24C01 Die RevisionA 
.048 x .061 


3012 Fnd Fit 


X24C02 Die Revision B 
.053 x .077 
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Die Size and Pad Location 


X24C04 Die Revision B 
.088 x .097 


3912 Fnd F146 


X24C16 Die Revision D 
.088 x .134 


3912 Fnd F16 
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Die Size and Pad Location 


DO Vss RCL 


OOo oo 


X24C44 Die RevisionA 
.041 x .071 
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X24C45 Die Revision A 
.041 x .071 


3912 Fnd F148 
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X25C02 Die RevisionA 
.059 x .072 
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Die Size and Pad Location 


X9CMME Die Revision A 
.054 x .100 


3912 Fhd F32 


X9241 Die RevisionA 
.109 x .148 
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Die Size and Pad Location 


A/Do a 
Vss a 
ADs ADg AD A 
a AD, ADo ADs AD, = St CE 0 
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X86C64 Die RevisionA 
A1f0X.115 


3912 Fnd F29 


A/Do 


Vss 
AD; ADp AD3 AD, ADs ADg AD7 


ooogd [| |] OOO 


X88C64 Die RevisionA 
A7O% 15 
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Die Size and Pad Location 
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X68C64 Die RevisionA 
A7OX 15 
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Die Size and Pad Location 
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X28C64 Die Revision D 
.227 x .157 


3012 Fd F25 


X28HC64 Die Revision C 
.155 x .115 


3012 Ore F27 
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Die Size and Pad Location 
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Die Size and Pad Location 
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HOST 
SERIAL 
INTERFACE 


STORE 


RECALL 


THE X2444 SERIAL 
NOVRAM* TEAMS UP WITH 
THE 8051 
MICROCONTROLLER FAMILY 


Add scratch pad RAM and nonvolatile parameter 
store via the 8051 serial port and still maintain 


full use of the serial port as a UART. oT 
Application from Rick Orlando 
Written by Richard Palm 


*NOVRAM is Xicor’s nonvolatile static RAM device. 


INTRODUCTION 


The X2444 is a 256 bit serial NOVRAM internally 
configured as sixteen 16-bit words of RAM overlaid 
bit for bit with a nonvolatile E7PROM. The X2444 
has the standard hardware RECALL and STORE 
inputs plus the ability to perform these same oper- 
ations under software control, thereby freeing two 
microcontroller port pins for other tasks. The serial 
interface allows the X2444 to be packaged in a low 
cost space saving 8-pin mini DIP. 

When teamed with the 8051 family of micro- 
controllers, the X2444’s small physical size, software 
instruction set and serial interface make it an ideal 
parameter store and scratch pad memory while 
maintaining full use of the 8051 serial port as a UART. 


SCOPE 


This application note describes interfacing the 
X2444 with the 8051 family of microcontrollers. 
Emphasis will be placed on the timing considerations 
of the interface, and explaining the modifications to 
the instruction words for normal device operation. 
This note assumes the reader has access to a Xicor 
Data Book and Intel Microcontroller Handbook. 
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PIN PIN 


SERIAL PORT OPERATION 


Port 3 on the 8051 provides a serial port that can 
be used in two basic configurations, full duplex and 
half duplex. This note examines the half duplex 
(mode 0) operation in interfacing to the X2444. Port 
3 pin 1 (P3.1) is the clock output for both transmit 
and receive modes and Port 3 pin 0 (P3.0) is used 
for bidirectional data transfers. 

The clock output frequency is VYi2 of the XTAL 
oscillator input frequency. To simplify timing calcula- 
tions this note will assume an input frequency of 
12 MHz resulting in a symmetrical 1 MHz output 
on P3.1: 

The P3.1 and P3.0 pins when inactive (neither 
transmitting nor receiving) are always a logic 1 
(HIGH). When a data transfer commences P3.1 will 
be LOW during machine cycle states S3, S4 and 
S5 and will be HIGH during states S6, S1 and S2. 
When transmitting, data is shifted out on P3.0 during 
S6P2 (state 6 phase 2) LSB first. When receiving, 
data is sampled during S5P2. Refer to Figure 1 for 
the basic 8051 serial port timing. 


le (500 ns) 


tsxu 
(500 ns) is | 


ton (84 ns) 


P3.1/SK 

tos (916 ns) nal 
P3.0°0 a 
P3.0/DO 


Figure 1. 12 MHz 8051 Serial Port Mode 0 and X2444 Timing 


S5P2 DATA TAKEN 
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HARDWARE 
CONNECTIONS 


The X2444 directly interfaces with the 8051 with 
no external circuitry required. DI and DO of the 
X2444 are both tied to P3.0, SK is tied to P3.1, 
CE is tied to any free port pin configured as an 
output and STORE and RECALL are tied to Voc 
(see Figure 2). 


Basic Configuration 


Figure 2. 


X2444 OPERATIONS 
REVIEW 


The X2444 is a serial device and in this application 
all chip functions are handled via the software in- 
structions. The 8051 transmits data LSB first but 
the instruction format for the X2444 shows the 
instruction to be transmitted MSB first. This requires 
a simple transposition of the instruction, MSB for 
LSB. The memory is effectively a FIFO, so the data 
to be stored need not be transposed. 

Internally the X2444 increments a bit (clock) 
counter. This is used to indicate the end of an 
instruction and if a read or write instruction is re- 
ceived, to increment a bit position pointer. This 
pointer enables individual RAM cells for writing and 
reading. The counter for the pointer increments from 
zero to fifteen. If CE remains HIGH and SK continues 
to clock, the counter will rollover from fifteen to zero. 
The word address does not increment; therefore, 
during a write operation if SK continues to clock 
and CE is HIGH, a 25" rising clock edge (8 edges 
for instruction + 16 edges for the data word + 1) 
would cause bit position zero to be overwritten. 
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SYSTEM 
CHARACTERISTICS 


Under normal operating conditions the X2444 ex- 
pects CE to transition LOW to HIGH when SK is 
LOW in order that the first bit of data can be clocked 
into the X2444 on the first rising edge of SK. The 
data is sampled to see if it is “O” (a don’t care state) 
or a “1” which is recognized as an instruction start. 
The 8051, however, places botn P3.1 and P3.0 
inthe HIGH state when not actively transmitting. 
THIS IS OK. The X2444 internally gates CE and 
SK; therefore, toggling the port pin controlling CE to 
a HIGH effectively generates the first rising edge of 
SK, and also clocks in the HIGH present at P3.0 (Dl). 

What this does is clock a “1” into the X2444 
indicating the start of an instruction prior to any 
shifting operation by the 8051 serial port. This will 
require dropping the leading “1” from the instruction. 
See Table 1 for the WAS/IS conditions for the equi- 
valent instructions to be used by the 8051. 


WAS 


7) 


INSTRUCTION 


7 
WRDS 1 
STO 1 
SLEEP 1 
WRITE 1 
WREN 1 
RCL 1 
READ* 1 


> KK > KKK OD 
> KK eK KK 
> KK > KK KK 
> Kx KP KK Kw 
=~ - + 00008D 
-o O07 +00 = 
x - Oo; 07-00 
~ «KK KK KK ON 
x - 0Oo0- 0 = 00 
-~oo-+ 00 MH 
~-—-~-+- 0000 & 
> x K > KK KW 
> Kx KX > KK KN 
> KK PK KK 
> KK PK KK OO 


READ 


ox 
Cc 
wo 


*Note: bit 7 of the command should be a “1” to avoid 


contention. 


Table 1. Reconfigured Instruction Format 


The 8051 will still generate eight rising clock edges 
on P3.1 for each byte loaded into the shift register 
(SBUF), effectively providing the X2444 with nine 
clocks for the first byte. For the single byte instruc- 
tions the ninth clock and data are ignored by the 
X2444. Refer to Figure 3 for the single byte instruc- 
tion timing. 
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/0,/CE — 


P3.1/SK . 


P3.0/DI 


3 4 


5 6 i 8 9 


a Le Xe Xe Ke KaXuXaXoy 
START 


EFFECTIVE AES £2 €e Ee Ce Ge ee ey, 


Figure 3. Single Byte Instructions 


WRITING 


Writing to the RAM array is straightforward. The 
write instruction is issued by the 8051 in the same 
manner as the single byte instructions. The MSB 
(eighth bit) of the instruction byte is clocked in on 
the equivalent ninth clock rising edge. This bit is 
recognized as the first data bit transfer and is initially 
written into the addressed word's bit position zero. 
The 8051 will continue to transmit two more bytes 
of actual data. The LSB (bit “O”) of the first byte 
will be physically located in bit position “1” and all 
subsequent bits will also be offset by one. The MSB 
(sixteenth data bit) of the word will be written into 
bit position zero, overwriting the last bit of the instruc- 
tion byte. Refer to Figure 4 for the sequence of 
operations. 
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READING 


Reading data back from the RAM array is quite 
similar. The X2444 begins to shift data out during 
the instruction cycle (more on this later). After the 
instruction is shifted out, the 8051 must turn around 
P3.0 and configure it as an input. CE and SK are 
static during this period and the DO output will 
remain unchanged until after the rising edge of the 
first 8051 receive data clock. Therefore, the first 
data shifted into the 8051 will be from bit position 
“1”, equivalent to the LSB originally written. Refer 
to Figure 5 for the sequence of operations. 


PIN PIN 
[ FIRST DATA 
PX.X/CE SHIFTING EDGE 
CLK1 
| fz] [3] fa] fs] fe] [7] fa] J9 10{ {14} f12 15} |16| 17 18} {19} |20| Jai) f22l j23} faa} f2s 
BIT ADORESS 
P3.1/SK ROLLOVER 
wstruction\ A XA X_& KA | LJ \oX01X 02X 03 X 04 X 05 X 06 X 07 J = \_08 X 09 Xow X 011 X 012 X 013 Y 14 X15 / 
P3.0/D! 0 1 2 3 4 ¢ 7 8 9 0 % #12 «93 «14 15 0 <¢—__—_. 9), “Doness 
° S$ rg 
EFFECTIVE WRITE 
INSTRUCTION 
Figure 4. Write Cycle Sequence 
PX.X/CE _I L 
CLK1 


P3.1/SK 2] [3] fe] [sl fe] [7] fe 10] [11] fr2 
WSTRUCTION\ A _X A X A XA / } | —— 
P3.0/DI 


D3.0/D0 


Figure 5. Read Cycle Sequence 


NOT 
RECOGNIZED 
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BUS CONTENTION 


There will not be any bus contention for single 
byte instructions or the write command. However, 
for the Read command there could be contention. 
While the 8051 is still shifting out the instruction 
byte the X2444 begins to output data on the same 
line. Refer to Figure 5, just after the falling edge of 
clock eight. 

The 8051 shifts out data at S6P2. If the data 
changes state from “0” to “1” a high current enhance- 
ment FET is turned on for two 8051 system clock 
cycles. This is used to provide a fast rise time. 
At the end of this two cycle period, the enhancement 
FET is turned off and the output is held HIGH by 
a depletion mode FET that essentially looks like a 
resistor pullup (Refer to Intel’s Microcontroller Hand- 
book [1984] pages 6-6 and 6-7). Note that the high 
drive circuit is enabled only for data state changes 
from “0” to “1”; therefore, if the output is already a 
“1” and another “1” is shifted out on P3.0, the high 
drive will not be turned on. This depletion FET can 
source a maximum of 250yA if the port pin is 
grounded. 

The instruction table indicates that bit seven for 
the READ instruction should be a “1”. The reason 
for this is to guarantee that the high drive period is 
off before the X2444 begins to output data. If bit 
seven were a “0”, the 8051 would turn on the high 
drive circuit to return P3.0 to the inactive state, 
possibly generating a high current contention prob- 
lem with the DO output of the X2444. Figure 6 
illustrates the timing involved during clock eight. 
The high drive period of the 8051 is turned off well 
before the X2444 begins to output data. 


CLK8 


DRIVE 
RIOD 


SS 


HIGH 
P3.1/SK aH 


VERSATILITY 


The DO output of the X2444 is always in the high 
impedance state unless it is outputting data in re- 
sponse to a READ command. Therefore, the serial 
port of the 8051 need not be dedicated solely to a 
serial memory interface. 

Figure 7 illustrates the versatility this affords. This 
figure depicts the basic system components required 
in a remote location controller. Notice that the 8051 
serial port has access to both the X2444 and through 
the use of the CE control line maintains full use of 
the serial port as a UART. Therefore, it can receive 
downloaded parameters from a host, re-enable the 
serial port for X2444 communication, then store the 
data either temporarily in the X2444 RAM array or 
permanently in the X2444 EPROM array. 


HOST 
SERIAL 
INTERFACE 


Figure 7. Shared Serial Port 


«x 


P3.0 CHANGE FROM 
OUTPUT TO INPUT 


HIGH Z 
P3.0/DI 8051 DEPLETION MODE FET PULLUP ONLY ——————> bo ee 
WORST CASE CONTENTION i 


HIGH Z 
P3.0/DO 


Figure 6. Worst Case Bus Contention 
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CONCLUSION 


This application note has shown that with no extra maintaining full 8051 UART capabilities. It is the 
hardware the X2444 interfaces directly with the ideal solution for applications where extra memory 
8051 family of microcontrollers, providing a non- is required but few port pins are available for 
volatile memory store and scratch pad memory and implementation. 
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E2POT™ DIGITALLY 
CONTROLLED POTENTIOMETER 
BRINGS MICROPROCESSOR 
CONTROL TO AUDIO SYSTEMS— 
ADDS FEATURES 


By Jeff Randall 


INTRODUCTION 


Control of most audio circuits is still accomplished 
the same way it has been for the last fifty years or 
so. From the volume control knob to the sliders on 
an equalizer, the control is human, the feedback is 
through the ears, and the control element is the me- 
chanical potentiometer. Microprocessors have en- 
tered nearly every other segment of electronics, and 
as they enter the audio segment, they slam head- 
long into the mechanical potentiometer. 

While this article focuses on microprocessor con- 
trol of conventional audio circuits through the use of 
digitally controlled potentiometers, it should become 
clear how these devices can be applied to many 
other applications as well. 


CONVENTIONAL AUDIO 
CONTROL 


A look at conventional methods for audio control 
should help to illustrate the situation: 

Designs incorporating mechanical potentiometers 
are still found in the majority of audio applications. 
For example, the volume control on most car ster- 
eos is a rotary potentiometer. Volume control cir- 
cuits generally resemble Figure 1. In this design, the 
potentiometer is used to control the signal reaching 
a fixed gain amplifier section. A potentiometer in this 
application would likely have a logarithmic taper, 
since volume is a logarithmic function. 


AUDIO TAPER 
POTENTIOMETER 


0073-1 
Figure 1: Conventional Potentiometer Volume Control 


Tone controls can vary from single pot and ca- 
pacitor circuits to complex active filters. The Baxan- 
dall filter network has been the workhorse of the 
audio industry for years. This design, illustrated in 


Figure 2, utilizes two linear taper potentiometers to 
control the gain of an active filter. In this configura- 
tion, the potentiometer replaces a portion of both 
the input and feedback resistors. By moving the po- 
sition of the wiper, both resistors change in opposite 
directions. 


Ry Ro Ry 


VIN @ 


Rz R4 R; 
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Figure 2: Baxandall Tone Control Circuit 


Graphic equalizers are one of the fastest growing 
modes of audio control. A graphic equalizer con- 
tains a group of band pass filters, usually seven. 
Each filter has a potentiometer controlling the gain 
to that band pass. Potentiometers generally appear 
as sliders on the face of the equalizer. 

A typical graphic equalizer schematic is shown in 
Figure 3. EQs are used to compensate for the im- 
perfections of a listening environment by boosting 
or cutting gain at specific frequencies. By using a 
spectrum analyzer and a “pink” noise generator, 
the response of an audio system can be customized 
for a particular room or concert hall. This is accom- 
plished by inputting a desired response to the sys- 
tem—generally flat across the audio band, with 
some attenuation at higher frequencies, often re- 
ferred to as “pink” noise. The equalizer is then ad- 
justed until the system output, displayed on the 
spectrum analyzer, closely matches the pink noise 
input. 

This process of matching a system to a room is 
often referred to as environmental calibration. It is a 
process requiring the listener to read the display of 
the spectrum analyzer and manually adjust the po- 
tentiometer/sliders of the equalizer. 


0073-3 
Figure 3: Graphic Equalizer Configuration 


The heart of the control of each of the circuits 
described earlier is the mechanical potentiometer. 
Automated control of these devices is a challenge. 
Clearly, microprocessor control of these functions is 
desirable. The control elements utilized for automat- 
ed control are discussed below. 


AUTOMATED CONTROL 
ELEMENTS 


While these devices are primarily used for indus- 
trial control applications, motorized potentiometers 
offer a relatively straightforward approach to simple 
audio control circuits. In these devices, a DC refer- 
ence voltage, or a digital signal representing posi- 
tion is input to a small motor assembly that is linked 
to a rotary potentiometer. Drawbacks to this type of 
system are numerous, including noise caused by 
the motor assembly as well as the increased space 
and power requirements of placing a motor on an 
audio PC board. 
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D/A converters can also be used to control and 
manipulate analog circuit functions, but introduce 
more complexity. These devices are the choice of 
high fidelity digital audio controls due to their high 
precision. But for the analog circuit designer, they 
can be a little intimidating. For example, one way to 
control volume with D/A converters is illustrated in 
Figure 4. In this circuit, the signal is sampled with a 
A/D converter, manipulated by a microprocessor, 
and returned to the analog world with a D/A con- 
verter. This design entails sampling, real-time pro- 
cessing, as well as A/D and D/A conversions. Not 
only may the analog designer be faced with portions 
of his circuit that may be unfamiliar, the results may 
be overkill. 


A/D K D/A 


seit - DSL Bap OVo=KV, 
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Figure 4: Volume Control Using D/A Conversion 


An array of resistors with a wiper tap that can be 
selected with digital control offers many advantages 
of the microprocessor world without the complexity 
of D/A conversion. These are referred to as digitally 
controlled potentiometers. Logic circuits, counters, 
and memory circuits are often teamed up with resis- 
tor arrays to accomplish an approximation of poten- 
tiometer control. Recently, a few manufacturers 
have introduced devices which incorporate many of 
these functions in one device. Examples are Xicor’s 
X9MME, Toshiba’s TO9169AP, and National’s 
LMC835. 

The Toshiba and National parts are designed 
around specific audio applications and are distinc- 
tively different from the Xicor device. They incorpo- 
rate features that lend well to audio designs, but are 
not intended for general purpose potentiometer re- 
placement. Moreover, they offer only a limited num- 
ber of wiper positions. 

Xicor’s X9MME combines a single 99 position po- 
tentiometer with three line digital controls. Figure 5 
contains a functional diagram, pin description and 
mode selection for the device. In addition to the in- 
ternal counter circuitry for wiper position control, 
this part also incorporates nonvolatile memory to 
retain wiper position. It has been designed as a digi- 
tally controlled replacement for the mechanical po- 
tentiometer. With its conventional three terminal po- 
tentiometer design, it integrates easily into existing 
analog designs. 


Functional Diagram 


= 


7 BIT 
COUNTER 


NONVOLATILE 
MEMORY 


WIPER 
POSITION 


DECODE {1 OF 
100 


PROGRAMMING 
CONTROL AND 
POWER-ON 
DETECT 


Vcc 


GND 


Pin Configuration 


0073-6 


Figure 5: The X9MME Digitally Controlled Potentiometer 


To illustrate digital control of potentiometer cir- 
cuits, the X9MME from Xicor was used to replace 
mechanical potentiometers in a well known audio 
circuit. The following should demonstrate the ease 
of designing with the X9MME as well as the advan- 
tages of microprocessor control in audio circuits. 


THE X9MME IN AN AUDIO 
CIRCUIT 


The Baxandall tone control circuit is the basis for 
the designs shown here. The following sections will 
discuss the principles behind the Baxandall circuit 


TRANSFER 
LOGIC 
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ARRAY 
VH 


Mode Selection 


Store Wiper 


Position 


VL 


Vw 
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Pin Names 
Vy High Terminal of Pot 
Vw Wiper Terminal of Pot 
Vi Low Terminal of Pot 
Vss Ground 
Voc System Power 
U/D Up/Down Control 
INC Wiper Movement Control 
CS Chip Select for Wiper 

Movement/Storage 


and then walk through the design utilizing the 
X9MME. Special design considerations for the 
X9MME will be discussed, and the performance and 
operation will be evaluated. 

The Baxandall circuit, its response, and equations 
for gains and filter frequencies are shown in Figure 
6. This circuit contains two active filters whose gain 
is controlled by two potentiometers. Figure 7 illus- 
trates the bass portion of the circuit. The maximum 
gain of this circuit is at low frequencies, where the 
capacitors in the circuit can be considered to be 
open circuits. The capacitors have been omitted for 
clarity. (The treble portion of the circuit, not illustrat- 
ed here, follows along similar lines.) 


Schematic 
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System Frequency Response 
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Figure 6: Active Audio Preamplifier 


With the addition of another potentiometer on the Ry Ro Ry 
output of the Baxandall network, the system repre- 
sents a single channel of an audio preamplifier. The 
circuit contains three potentiometers which control Rs 
volume, treble and bass. These pots would appear 
as knobs on the face of a home or car stereo, to be 
adjusted by hand to control and shape the sound 
reaching the amplifier and speakers. 
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Ave = Maximum Bass Boost 


Figure 7: Bass Portion of Active Preamp Circuit 
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Neglecting the digital control lines and 5V power 
for the XOMME, the circuit is shown in Figure 8. The 
X9MME will replace bass, treble and volume poten- 
tiometers. Note that this does not alter analog de- 
sign considerations. 

It should be noted that Ro and Ry are both linear 
taper pots. Since the X9MME is also a linear taper 
pot, it is a direct replacement. Ry, the volume po- 
tentiometer, is specified as an audio taper pot, since 
it is used for volume control. By placing a small re- 
sistor from wiper to low on any linear pot, as shown 
in Figure 9, an audio taper can be approximated. In 
this case a resistor of one-tenth the total pot resist- 
ance is a close approximation of an audio pot (EDN 
Nov. 13, 1986). 

This circuit is designed to have a gain of one 
across the entire audio range, with the potential for 
a boost or cut of 20 dB at the frequencies selected 
by the designer. 


THE DESIGN 


The design chosen is intended for car stereo ap- 
plications. It should therefore operate from a single 
ended, 12V supply and adapt well to speakers that 


VIN o 


Figure 8: Active Preamp with Bass, Treble and Volume Controls 
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For Audio Taper, Use Ro = 10° 


Figure 9: Utilizing External Resistors to Vary Potentiometers Trim (EDN Nov. 13) 
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are commonly used in automobiles. Considering the 
limited bass response of most car speakers, the 
bass boost or cut should not be so low that the 
speakers cannot reproduce the sound. 

The desired circuit would operate from a 12V 
power supply, have a +20 dB boost or cut at 
100 Hz (bass) and 10 KHz (treble). The available 
resistor values for the X9MME are 10K, 50K, and 
100K. The following steps outline the design: 


1.Ro = 50 K®) (arbitrary, X9503) 


The design must start somewhere. This value 
was actually determined after running through the 
design a couple of times and comparing the val- 
ues determined for the potentiometers with those 
available. 


2.Ayvgp = 1 + Ry/Roa; for 20 dB (10), 
Ry = Ro/9 = 5.6 KD 


The bass portion of the circuit must have a maxi- 
mum boost of 20 dB. This is determined with the 
bass pot all the way to the input side. A quick 
look at Figure 8 will illustrate this. 


BASS 


VOLUME 


TREBLE 
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3. F, = 100 Hz, Fig = 1 KHz 
_ 1 _ 1 
27 Fi_BRy 27r(1000)(5.6k) 
= 2.84 x 10-8 F 


Here, the formulas for the cutoff frequencies of 
the active filters are broken down to determine 
the element values to use. 


4.R5 = 2.2 KO (arbitrary) 


Ry + 2R5 
5 Ay = 14+ — = = 40, 
R3 
R; + 2R 
Rg = = 1K 
9 
Use 1 KO. 


Here, the maximum treble gain is calculated in 
similar fashion to the maximum bass gain. 


6 Cg Sm Se 18 x 10-8 
3 2m FyR3  22(10K)(1K) 


7.R4 = 10 (Rg + Ry + 2Rs5) = 110 KO 
Use 100 KY. 
8. Ry = 10 KO (arbitrary) 


The circuit with the X9MME inserted is shown in 
Figure 10. These are the values that were used in 
lab experiments and for demonstration purposes. 
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Figure 10: E7PREAMP with Three X9MME—No Digital Controls Shown 
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It should be noted that some considerations in 
the design had to be altered when the X9MME was 
inserted into the circuit. The X9MME is a source of 
high frequency noise. There are internal voltage 
generators on the device which are used to operate 
switches internally as well as to store information 
into the device’s nonvolatile memory. The principle 
noise frequencies begin at approximately 150 KHz, 
and while this is beyond the audio range, it can still 
be a source of problems in the circuit. For this rea- 
son, capacitors were added around the X9MME to 
filter noise. These are included in Figure 10. 


DIGITAL CONTROL 


The digital control lines of the X9MME are INC, 
CS, and U/D. CS (chip select) allows the wiper to 
be moved. U/D (Up/Down) determines the direction 
in which the wiper will move, and INC (increment) 
initiates movement on its falling edge. CS is also 
used to store the wiper position in nonvolatile mem- 
ory. When CS is returned high, a store operation is 
commenced. 

When initially designing with the part, it was help- 
ful to assemble a simple switch system for control- 
ling the parts. A 555 timer was used to generate a 
fairly slow clock pulse and connected through a mo- 
mentary switch to the increment pin of each 
X9MME. With pull up resistors on each digital line, a 
grounding switch was connected to U/D and anoth- 
er to CS. To move the wiper up, CS was set to 


0.01 uF 
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ground, U/D to 5V and INC pulsed with the clock. 
Each step of the clock produced a 1% change in 
wiper position. Figure 11 illustrates the switching 
network that was utilized for controlling all three 
X9MMEs. 

This initial procedure allowed the analog portion 
of the design to be separated from the digital. Once 
the circuit was functioning adequately with the 
switch network controlling the X9MMEs, microproc- 
essor interface was relatively simple. 


MICROPROCESSOR 
INTERFACE 


With three devices on the board, 9 control lines 
are required. To simplify interface to an 8 bit micro- 
processor, the INC lines for all three parts were 
connected to the same pin. 


Figure 11: Switch Network for Manual Operation 


The pin configuration used for interface to the 
6502 microprocessor system is as follows: 


A7 Age As A4 A3 Ao Ay Ao 
NC INC CS; U/Dy CS» U/Ds CS3 U/Ds 
#1 = Volume 
#2 = Bass 
#3 = Treble 


To move the wiper of a given pot, that pot’s CS is 
brought low, the U/D for the appropriate pot is as- 
serted H or L depending on the direction of wiper 
movement, and INC is toggled. For example, to in- 
crease the volume the following two patterns are al- 
ternated to the port connected to the E7PREAMP. 


NC INC CS; U/D,; CS. U/Ds CS3 U/Ds 
{ 0 1 1 1 1 1 


-) 


1 1 0 1 1 1 1 1 


Note that CS has been selected, U/D set to 1 
and INC toggled. Bass and treble settings are al- 
tered in a similar manner. 


VOLUME 


BASS 


TREBLE 
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The microprocessor system used in the lab con- 
sists of a 6502 based keyboard monitor. The con- 
trolling program scans the keyboard for a recog- 
nized ASCII character which transfers control to the 
specified subroutine. For any given input, the appro- 
priate increment is toggled 10 times before returning 
to the controlling program. 

An example of a volume, bass, or treble adjusting 
program follows: 


LDX #00 Load counter with zero 
0333 LDA 0006 Load accumulator with first 

pattern 

STA A000 Output pattern 

JSR -—ED2G 5 ms wait 

LDA 0007 Load 2nd pattern 

STA  A0d00 

JSR ED2C 

INX 

CPX 0008 Compare counter to 10 

BNE 0333 

RTS 


In addition to the adjustment subroutines, an ini- 
tialization subroutine can also be called up. This 
subroutine sets the volume to zero and bass and 
treble to 50%. This is used to reset the controls. It 
would be used only during installation of the system. 

This first section of the one time initialization pro- 
gram sets all pots to zero. 


LDX #00 Load counter with zero 
0111 LDA 0000 Load accumulator with first 

pattern (80h) 

STA A000 Output pattern 

JSR ED2C 5 ms wait 

LDA 0001 Load 2nd pattern (COh) 

STA A0O00 

JSR ED2C 

INX 

CPX 0008 Compare counter to 100 

BNE 0111 


This section sets the bass and treble pots to 50% 
and returns control to the controlling routine. 


LDX #00 Load counter with zero 
012C LDA 0003 Load accumulator with first 

pattern (85h) 

STA A000 Output pattern 

JSR ED2G 5 ms wait 

LDA 0004 Load 2nd pattern (F5h) 

STA AOO00 

JSR ED2C 

INX 

CPX 0005 Compare counter to 50 

BNE 0333 

RTS 


OPERATION AND 
PERFORMANCE 


The E2PREAMP circuit operates much like many 
sophisticated home stereo systems today. All con- 
trols are digital switches—in this case, a keyboard 
for demonstration purposes only. There are no mov- 
ing parts beyond the switches, and the entire sys- 
tem is relatively free from problems with vibration 
Or jarring (potential hazards in mechanical pot 
systems). 

Keys 1 through 6 on the keyboard represent the 
up down controls for the circuit. By depressing 1, 
the volume is increased by 10 steps. Key 2 decreas- 
es volume in the same way; 3 is treble up; 4 is tre- 
ble down; 5 is bass up; 6 is bass down. The | key 
calls the initialization routine. Beyond allowing con- 
trol of step size and the auto zero or initialize func- 
tion, the present system does not take advantage of 
the versatility of microprocessor control. 

Performance of the system was nearly identical to 
the same circuit with mechanical potentiometers. 
The X9MME is quiet to —65 dB below a 1V signal, 
which is fair for audio quality devices. For audiophile 
quality, this number should be around — 120 dB, but 
in car stereo or communication equipment applica- 
tions this device works adequately. 

Aside from the obvious advantage of a lack of 
moving parts, the ability to choose step size in ad- 
justing the controls has shown to be the most useful 
added feature. Ten steps per adjustment proved to 
be an easy value with which to work. 

Having demonstrated the ability of the X9MME to 
replace mechanical potentiometers in analog cir- 
cuits, more complex circuits may now be consid- 
ered. With microprocessor control, advanced circuit 
design and digital control simply becomes an exten- 
sion of the principles discussed so far. 

Microprocessor control of this and other analog 
circuits is simple when utilizing a digitally controlla- 
ble potentiometer. The gain of the entire circuit, 
or the boost or cut of a given frequency range is 
instantly alterable via microprocessor commands. 
Once control is assumed by the microprocessor, 
any parameter of the analog circuit that is controlla- 
ble by a potentiometer is available to the program- 
mer. 

For example, the graphic equalizer/spectrum an- 
alyzer combination discussed earlier can easily be 
automated once microprocessor control is as- 
sumed. By controlling the position of potentiometers 
that control the gain of the individual equalizer 
bands, the system frequency response can be cali- 
brated to any room or listening environment. Here is 


just one scenario: A “Calibration” button is de- 
pressed on the equalizing circuit. This activates a 
“pink”? noise generator which sends a short burst of 
sound to the system. The spectrum analyzer in the 
system then decides which frequencies require ad- 
justment, changes the positions on the appropriate 
potentiometers, and the system is calibrated. No 
sliders need to be adjusted; no separate (and ex- 
pensive) spectrum analyzer; moreover, a relatively 
unsophisticated user can now perform an accurate 
environmental calibration of the system. 

A simpler version of an auto calibration circuit 
could be incorporated into home and car stereos as 
a one time only installation adjustment. The scenar- 
io would be as follows. When a car stereo is first 
installed, the installer would push the calibration 
button on the back of the unit. This would adjust a 
compensation circuit, separate from the main tone 
controls. The settings would then remain in the non- 
volatile memory of the digital pots until the system 
were upgraded or installed into another car. Thus 
the same unit would be customized for different 
speakers, different amplifiers, and even different 
auto interiors. 


X9MME ADVANCED 
FEATURES 


The Xicor device utilized in this design is suitable 
for audio applications, but it is a general purpose 
device that may be even better suited for other ana- 
log applications. 

The X9MME has 99 steps across its range. In 
most audio applications, this high resolution is inau- 
dible. However, when used in auto zero and balanc- 
ing circuits, this resolution is invaluable. 

The device’s nonvolatile memory may be of limit- 
ed use in some of the applications mentioned here, 
since a listener may not want to retain previous au- 
dio settings. But when used in a once-only calibra- 
tion circuit, the nonvolatile memory eliminates any 
need for preventing a customer from changing the 
factory settings of a mechanical potentiometer. In a 
television cable decoder, for example, potentiome- 
ters abound. If cable companies used nonvolatile 
digital potentiometers in place of mechanical pots, 
the incessant headache of having to make adjust- 
ments because of jarred equipment or tampering 
could be eliminated. 


The X9MME’s convenient packaging and inherent 
digital control characteristics can be used to advan- 
tage on the assembly line. Manufacturing of devices 
requiring manual adjustment of potentiometers is al- 
ways limited by the speed of the laborers and equip- 
ment used to set the pots. In addition, units often 
must remain partially assembled, or allow access 
holes for screwdriver adjustment of pots. The 
X9MME’s conventional 8 pin DIP package can be 
automatically inserted with handlers used for other 
DIP devices, and trimmed to an appropriate value 
with an assembly line computer or by an internal 
microprocessor. 


CONCLUSION 


Microprocessor control of analog circuits is now 
easier than ever. The X9MME from Xicor is more 
than a simple DAC. Not only can this device be 
used as a precision voltage source, it can replace 
any resistive element in nearly any analog circuit. 
Without altering existing analog circuit designs, the 
designer now has the ability to manipulate analog 
circuit functions with the digital potentiometer as his 
control element. 
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X28C010 Redundancy Repair 
Richard Palm, Clifford Zitlaw, Edward Ng 
INTRODUCTION ers have need of on-chip error correction circuitry. This 


As the leader in E* memory technology, Xicor has been 
the first to develop and offer many key features in 
response to our customers’ needs. These include fea- 
tures which are now industry standards: RAM-like op- 
eration using only a single 5 volt supply, Page Mode 
Writes, Data and Toggle Bit Polling and Software Data 
Protect. With 1 Megabit and 512K level density 
E*PROMs, Xicor is offering an important new feature 
that allows in-system repair of failed bits and rows. This 
feature is easily accessible to the user through an 
extension of the JEDEC standard software data protec- 
tion sequence. 


The expected endurance of a typical X28C010 is well 
into the hundreds of thousands of cycles. However, a 
small percentage of devices might experience a single 
bit failure or possible half row failure during the expected 
useful lifetime. This would not normally be of concern in 
a system employing only a few devices or in a system 
that is rewritten infrequently. However, inalarge memory 
array, frequently being updated, some form of row 
replacement may be needed to achieve the highest 
system reliability, regardless of the technology chosen. 


All Xicor nonvolatile memories employ the Textured 
Poly Floating Gate (TPFG) technology, which uses a 
thick interpoly oxide layer for tunneling. This oxide layer 
is much more robust than the traditional thin oxides used 
fortunneling and has proven to be extremely screenable. 
That is, potential defective oxides (infant mortality can- 
didates) can be detected and removed during the nor- 
mal device test flows. 


Manufacturers using the thin oxide technology, cannot 
screen for oxide breakdown because the tunneling 
voltage of the thin tunneling dielectric is very close to the 
breakdown voltage. Consequently, these manufactur- 
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is required to mask the unscreenable oxide breakdown 
failure mechanism. This method of masking failures 
works for single bit failures but does not address row 
failures. For more details, refer to Comparison and 
Trends in Today’s Dominant E2 Technologies, a paper 
jointly published by Intel Corporation and Xicor, Inc. 


BACKGROUND 


Xicor products have been used for years in data logging 
applications requiring high endurance. In working with 
its customers, Xicor has always recommended two 
basic concepts: spread the write operations evenly 
throughout the array (e.g. record data sequentially as it 
is made available); and provide some form of redun- 
dancy. 


For data store applications the following redundancy 
scheme has been easily implemented: a few additional 
rows (pages as defined by the memory being used) are 
set aside as spares. After each page of data is written to 
the device a read-verify operation is performed: if the 
data compares correctly, the address is incremented 
and the next page is written. If at any time the data does 
not compare correctly, the failing row address is re- 
corded in a nonvolatile lookup table and the page of data 
is then written to one of the extra rows. This requires 
maintaining a look-up table in a portion of the E7PROM. 


Based on predicted single bit and row failure rates, Xicor 
has developed programs to determine system failure 
rates based on the array size and frequency of rewriting 
the array, both with and without redundant rows. The 
study shows that even in very large memory arrays just 
a few extra rows brings the system failure rate based on 
cycling oxide failures to an insignificant level, far below 
the failure rates for semiconductors due to other mecha- 
nisms. 


X28C010 Redundancy Repair 
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ARRAY ARCHITECTURE 


The X28C010 contains two main array memory planes; 
the left plane and right plane, both configured 128 bytes 
wide by 512 rows deep. During normal read/write opera- 
tions this split plane architecture is transparent to the 
user. As an example, the X28C010 provides a 256 byte 
page write capability. This page (address XXX00 to 
XXXFF, where X selects the page or row) spans both 
planes and the X28C010 independently, and transpar- 
ently to the user, programs the data written to the 
memory into both planes. 


Figure 1. X28C010 Physical Bit Map 


Left Plane Redundant Rows 


Redundant 
Row 
Address 


Op) | VO, | VO> 


0, | VO, | Os | VO, | VO, 


Array : 
Row : 
Address 


128 
Columns 


XXX00 XXX7F 


USING REDUNDANCY REPAIR 


The redundancy repair feature of the X28C010 allows 
the user to swap out failed half rows and replace them 
with redundant half rows. The user accesses the redun- 
dancy repair mode with software that issues a special 
command sequence which is an extension of the soft- 
ware data protection sequence. The major advantages 


In addition to the main array memory, each X28C010 
contains 16 redundant rows of 128 bytes each; or 8 
redundant rows for each array plane. Some of these 
redundant rows may be used by Xicor to repair failures 
detected within the main memory array during device 
screening. Redundant rows seven and eight in each half 
plane are reserved for end user repair. The split array 
architecture isolates one plane from the other. If an 
oxide failure occurs which disables a row in one plane, 
it does not affect the same row in the other plane. 
Therefore, the redundant rows need only be 128 bytes 
wide to facilitate a repair. Refer to Figure 1 below for a 
pictorial representation of the physical bit map. 


Right Plane Redundant Rows 


Redundant 
Row 
Address 


Oy | WO, | VO> | Oz | VO4 | VOs | VO, | 0, 


128 
Columns 
XXX80 XXXFF 
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of this repair capability are twofold: first, the user can 
design asystem that is self-repairing inthe field; second, 
since the repair is performed at the chip level, no 
address translation or look-up tables need to be exam- 
ined and normal system throughput is maintained. This 
is extremely important in program store memory, where 
address continuity and fast access times are required to 
execute instructions properly. 


X28C010 Redundancy Repair 


The following six step sequence is used to detect and 
replace a failed row with a redundant row: 


l) 
I!) 
l) 
IV) 
) 

) 

) 


Failure Detection 
Enter Repair Mode 
Map Out Row If Redundant 


Determine Which Rows Are Unavailable 


V) Select The Next Available Redundant Row 
Vl) Swap Failed Array Row with Redundant Row 
Vil) Exit Repair Mode 


|. Failure Detection 


Note: All references to addresses and data will be 
represented in hexadecimal format. Other numeric 
values, such as numbers of rows or columns or bits are 
in decimal. 


Determining the plane and row containing the failure is 
the first step. This is accomplished by performing either 
a standard byte or page write followed by a read-verify 
operation. If the data compares correctly no action is 
needed. If the data does not compare correctly, then the 
failing address location must be analyzed to determine 
which plane and row is failing. The state of A7 of the 
failing location indicates the plane in which the failure 
occurred: A7 LOW for the Left Plane; A7 HIGH for the 
Right Plane. The 9 most significant address bits (Ag— 
Aye) indicate the row in which the failure occurred (e.g. 
000 = row 0 and 1FF = row 511) Refer to Figure 1 below, 
for a pictorial representation of the physical bit map of 
the main memory array 


ll. Entering The Repair Mode 


Once the failing plane and row have been determined, 
the system must access the repair mode. This is accom- 
plished by issuing the six step SDP sequence illustrated 
in Figure 2. All the write operations within the sequence 
must conform to standard page write timings defined in 
the device specification. 


Upon entering the repair mode a number of functions are 
available to the user. Access to these functions is 
provided by either writing to or reading from specific 
addresses while in the repair mode. The functions are 
defined in Table 1 of appendix A. 


lll. Map Out Row If Redundant 


The row status of any row being repaired should be 07. 
If any other row status condition is returned, it indicates 
that the failure is in a redundant row which has already 
been replaced in the array. This row must first be 
removed, then replaced with another redundant row. 


To remove this redundant row, perform a write of any 
datato address XXXROy: Ry =the actual redundant row 
address (0—-F) as detected during the scan operation; 
XXXy = the array row address (O00—1FF). This opera- 
tion is a nonvolatile write and a 10ms (two) wait is 
required before proceeding with the repair. The redun- 
dant row should also be disabled to preclude its use in 
the future. This is done by writing data 00 to address 
O00R8: where R = the actual redundant row address 
(O—F). Again, this is a nonvolatile write operation and 
requires a 10ms (twc) delay. 


Figure 2. SDP Entry Into Repair 


WRITE AA 
TO ADDRESS 
15555 


WRITE 55 
TO ADDRESS 
OAAAA 


WRITE 80 
TO ADDRESS 
15555 


WRITE AA 
TO ADDRESS 
15555 


WRITE 55 
TO ADDRESS 
OAAAA 


WRITE FO 
TO ADDRESS 
15555 


Wait tg, ¢ min. Before Proceeding 
with Repair Operation 
3914 FHD Fo2 
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IV. Building A Redundant Row Status Byte 1. Redundant Row Status 

After entering the repair mode, two features are used to Each plane has a redundant row status register which 
build a table describing the status of each redundant can be read in the repair mode. Depending on the plane 
row. First, the redundant row status register is used to being repaired, perform a read operation at either ad- 
find out which redundant rows may have been disabled dress 0003F (left plane) or address OOOBF (right plane). 
either atthe factory or by the enduser. Second, the array I/Oo-l/O7 will return status bits indicating whether the 
row scan function is used to determine which rows may redundant rows are disabled or are not disabled. I/Oo— 
have already been used for repair. |/O7 corresponds directly to a redundant row number for 


the selected plane, (I/Op = RRo and I/O7 = RR7). A logic 
“4” indicates disabled and a logic “0” indicates not 
disabled. Disabled rows are not available for mapping 
into the array. 


STATUS TRANSLATION TO REDUNDANT ROW ADDRESS 


Left RR Status Actual RR Address Right RR Status Actual RR Address 
N/A 


| ooog0000 | NA |S 000—_—/_—s | CNA 
wot RT 
KIX —‘idtSC(‘( OIC” 
000080 
OOOO KOK 

XX OOK | OBO KKK CSC 
ee a a ee Soe sae Re aN 
oxn000 =x HOKE 
OOOO 


3914 PGM T01 
For example: 


Read Address Data Returned Status 


0003F 02 Left Plane RRp and RRe—-RR7 not disabled, RR; Disabled 
OOOBF 48 Right Plane RRe and RRg disabled, other RRs not disabled 


The value in the redundant row status register, for the mapping into the array. The bits in this status byte 
half plane to be updated, can be placed in a status byte indicate the availability of each redundant row, with a 1 
to track which redundant rows are not available for indicating the redundant row is not available. 
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2. Scanning Array Row Status same; only the 9 MSBs (row addresses) of the address 
need be incremented from 000 to 1FF. To read the left 
plane status the 8 LSBs should be 49 and to read the 
right plane should be C9. 


The next step is to scan all the rows in the plane to be 
repaired to determine the status of individual main array 
rows (already replaced or original) and to determine 


which redundant rows are already used. This is accom- For example to scan the left plane, the sequence would 
plished by reading the row status register for each row begin by reading 00049, then 00149, 00249... 1FE49, 
within the plane. This read conforms to the read timing 1FF49. To scan the right plane the sequence would 
characteristics defined in the device specification. begin by reading 000C9, then 001C9, 002C9.... 


1FEC9, 1FFC9. The status returned is contained inthe 
4 LSBs (I/Op I/O3), The decoding of this information is as 
follows: 


Individual row status is determined by reading the row 
status register. The 8 LSBs ofthe address (these are the 
column address) during the status scan will remain the 


OXXX 
1000 
1001 
1070 
101 
1100 
110 
1110 Row Currently Scanned is replaced by RR 06 
1111 Row Currently Scanned is replaced by RR OF 


3914 PGM T02 
As an example, assume a scan of the left plane with the following status returned. 


Address Data Interpretation 
00049 07 Original Main Memory Row 0 [D] 
00149 07 Original Main Memory Row 1 [D] 
00249 08 Original Main Memory Row 2 [D], Replaced by Redundant Row 0 
00349 07 Original Main Memory Row 3 [D] 
1FD49 09 Original Main Memory Row 253 [D], Replaced by Redundant Row 1 
1FE49 07 Original Main Memory Row 254 [D] 
1FF49 07 Original Main Memory Row 255 [D] 


When a row is found to be redundant the corresponding bit in the status byte is set to indicate that the row is not 
available for a repair operation. 


V. Select Available Redundant Row (row 7 orrow 8) can now be selected for use in step VI by 
searching the status byte for rows that are not disabled or 
mapped into the array. A redundant row acceptable for 
mapping is indicated by a 0 in the status byte. 


The redundant row status byte now indicates all redun- 
dant rows which are disabled and/or not mapped into the 
array. The address R of the next available redundant row 
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VI. Replace Array Row With Redundant Row 


To replace a row inthe array with a redundant row, write 
any data to XXXR4y: where XXX, = the array row 
address to be swapped out; Ry = the redundant row 
address to be swapped in on address lines A4—A7; and 
4,, = the command to exchange rows on address lines 
Ap-A3. During the actual repair operation the array row 
address does not specify the plane being repaired. The 
most significant bit of the redundant row address con- 
trols this: that is, when R = 0-7}, the left plane is being 
repaired and when R = 8-Fy the right plane is being 
repaired. For example: 


Repair array row 0 (left plane) with the seventh redun- 
dant row for that plane, write XX to 00064 


Repair array row 0 (right plane) with the eighth redun- 
dant row for that plane, write XX to 000F4 


Note: This is a nonvolatile write operation and must be 
followed by a 10mMs (twc) wait before exiting this routine. 


Vil. Exit Repair Mode 


To exit the repair mode and return to normal system 
operation issue the command sequence illustrated in 
Figure 3. 


Figure 3. SDP Exit from Repair 
WRITE AA 


TO ADDRESS 
15555 


WRITE 55 
TO ADDRESS 


OAAAA 


WRITE FO 
TO ADDRESS 
15555 


3914 FHD FO3 
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SUMMARY 


This paper has illustrated how a system can use the 
redundancy repair feature in the X28C010 for inthe field 
repairs. Whenever the E7PROM is written, software 
routines automatically detect a failing bit or row, perform 
a repair operation and return to normal system opera- 
tion. Since the repair is handled automatically as part of 
the software for writing to the E7PROM, its operation can 
be totally transparent to the rest of the system. Flow 
charts for this sequence of operations are shown in 
Appendix A and a software routine used to verify all the 
information in this paper is shown in Appendix B. 


Figure 1. Basic Repair Flow 


Failure Detection 


ll 
Enter Repair Mode 
(Figure 2) 


il 
Map Out Row 
If Redundant 
(Figure 3) 


IV 
Determine Which 
Redundant Rows 
Are Unavailable 


(Figure 3) 


V 
Select The Next 
Available 
Redundant Row 
(Figure 4) 


Vi 
Replace Array 
Row With A 
Redundant Row 
(Figure 4) 


Vil 
Exit Repair Mode 
(Figure 4) 


X28C010 Redundancy Repair 


Appendix A 


3914 FHD F04 
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Figure 2. SDP Entry into Repair 


WRITE AA 
TO ADDRESS 
15555 


WRITE 55 
TO ADDRESS 
OAAAA 


WRITE 80 
TO ADDRESS 
15555 


WRITE AA 
TO ADDRESS 
15555 


WRITE 55 
TO ADDRESS 
OAAAA 


WRITE FO 
TO ADDRESS 
15555 


Wait tz, ¢ min. Before Proceeding 
with Repair Operation 
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Figure 3. Building a Redundant Row Status Byte 


Assign 1 Byte RAM 


From Figure 2 For Status Byte 


Is Row 
Being Replaced 
A Redundant 
Row? 


Remove RR 
From Array 


Wait 10ms 


Disable RR 


Read Redundant 
Row Status 
Into Status Byte 


Scan Array Rows 


Translate to 
Actual 
RR Number 


Place RR 
Number 
in Status Byte 


Last Row 
Scanned? 


Status Byte Complete 
Continue Flow 
(Figure 4) 
3914 FHD FO06 
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Figure 4. Select, Repair and Exit Flow 


From Redundant 
Row Usage Flow, 
Figure 3. 


V 
Read Status 
Byte and Select 
First Unused/Not 
Disabled 
Redundant Row 


Vi 
Perform RR 
Replacement 
Write Operation 


Vil 
Exit Routine 


3914 FHD FO7 
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NOTES 
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Appendix B 


A a i a | 


/* This routine takes as input the address of a row to be replaced by 7 
/* redundancy. The specified row is replaced by a redundant row (if * / 
/* available). If the replacement is successfull the routine returns iF 
/* the number of the redundant row mapped in, otherwise $FF is returned a 
/* if no redundant rows were available. * / 
y* wd 
/* Points of interest : * / 
i ed 
/* An “unsigned long” variable is a 32 bit integer. This type must be as 
/* used because the 17 bit addressing on the 28C010 is greater than the v7 
/* normal 16 bit integer declaration. si 
7 “7 
/* The key to understanding this routine is the usage of the variable ad 
/* “status”. “status” is used to determine which redundant rows are e7 
/* available for replacement in the array. The bits in “status” */ 
/* indicate the state of the eight redundant rows (0 - row available, * / 
/* 1-row not available for remapping). Each bit represents the state * / 
/* of one of the redundant rows (bit O - redundant row OQ). To find +7 
/* which rows are available the routine looks at the “redundant row */ 
/* status register” which identifies bad redundant rows. Note that */] 
/* this register does not identify redundant rows that are being used * / 
/* inthe array. Next the array is scanned to find any redundant rows * / 
/* that are being used. If a redundant row is found the corresponding * / 
/* bit is set in “status”. After this two step sequence is followed af 
/* variable “status” can be used to find a redundant row that is ad 
/* available to map into the array. If all redundant rows are used the * / 
/* routine exits the routine and passes back $FF. If a redundant row is * / 
/* available the row is mapped in and the routine passes back the row ua 
/* number that was used. * / 
/* 2 
/* The routines “shallow()” and “deep()” are used for the three and */ 
/* five step SDP sequences respectively. The parameter passed is * / 
/* written during the last step of the sequence. ad 
e "yp 
/* The routine “delay()” performs a pause for the number of milli- as 
/* seconds indicated in the pass parameter. 7 


DOGG RII IIR ACK / 


unsigned char mapping(unsigned long bad_add) { 


unsigned char status; /*redundant row usage byte* / 
unsigned long row_add; /*address pointer* / 

int count; /*\oop counter variable * / 
unsigned char tdat; /*temporary byte variable* / 
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deep(OXFO); 
delay(20); 
row_add = bad_add & Ox1FF80; 
row_add = row_add | 0x00049; 
tdat = read_byte(row_add); 
if ((tdat & OxO8) !=0) { 
row_add = bad_add & OxO00080; 
tdat = tdat & 0x07; 
tdat = tdat << 4; 
row_add = row_add | tdat; 
row_add = row_add | Ox00008; 
write_byte(row_add,Ox00); 
delay(20); 
} 
if ((bad_add & OXOO0080) == 0) { 
row_add = Ox00049; 
status = read_byte(OxO003F); 
} 
else { 
row_add = OxO00CQ; 
status = read_byte(OxOOOBF); 
} 
for (count = 1; count <<=512; count++) { 
tdat = read_byte(row_add); 
if ((tdat & OxO8) != 0) { 
tdat = tdat & 0x07; 
status = status | (OxO1 << tdat); 
} 
row_add = row_add + 256; 
} 
status =status | OXO3F; 
if (Status '= OxOFF) { 
row_add = O; 
while ((Status & 0x01) != OxO0O) { 
Status = status >> 1; 
row_add = row_add + 1; 


row_add = row_add << 4; 
bad_add = bad_add & Ox1FF80; 
bad_add = bad_add | 0x00004; 
bad_add = bad_add | row_add; 
write_byte(bad_add,Ox00); 
delay(20); 
status = (bad_add >> 4) & OxOOOOF; 

} 

shallow(OXFO); 

delay(20); 

return(status); 


} 


/*enter redundancy with* / 
/* 5 step SDP sequence* / 
/*generate mask to determine if* / 
/* the bad address is redundant* / 


/*map bad row out if redundant* / 
/*generate mask to map out* / 
/* bad row* / 


/*mask Out bad row, this sets* / 
/* the row’s Status reg bit*/ 


/*read redundant status reg* / 
/* address to start array check* / 


/*Qs in “status” indicate that* / 
/* the row is available* / 

/*see what redundant rows are* / 
/* used in the array* / 

/*set status bit if a redundant* / 
/* row is found* / 


/*step to check next row* / 


/*only use rows 6 and 7*/ 
/*if no redundant rows are* / 
/* available then exit* / 
/*find an available* / 

/* redundant row (look for */ 
/* first O in “status” * / 


/*generate a mask to map in* / 
/* the new redundant row* / 
/*map in redundant row* / 
/*save the redundant row #* / 
/*leave redundancy with* / 

/* 3 step SDP sequence* / 


/*return with row number or $FF*/ 
/* if no rows are available * / 
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NONVOLATILE DATA INTEGRITY: 
INADVERTENT WRITE/STORE ELIMINATION 


By Applications Staff 


Xicor’s nonvolatile memory products are backed 
by designed-in protection features which ensure data 
integrity. These include: 


s Onboard V,, Sensor 
All operations inhibited when Vec < 3.0V. 

# Noise Filter 
A feature which blocks noise spikes on control 
lines. 


=» Orderly Power Transition 
The device will not self-generate inadvertent 
write/store operations. 


a Write/Store Inhibited Control Pins 
Multi-pin write/store command signal requirements 
provide both data security and design flexibility. 


New Design Features 


» Software Write Protection 
=» Previous Recall Latch 
= Command Sequence 


With Xicor nonvolatile memories, data is maintained 
through power-on, power-off, power-down, system 
crash, and the entire range of system conditions 
when some simple design rules are observed. Often 
nonvolatile system designers are frustrated by inad- 
vertent system command signals during power-up 
and power-down operations. Being nonperiodic in 
nature, these elusive culprits can lead the designers 
to the false conclusion that the memory device is 
malfunctioning. This, however, is rarely the case. 
The system is more often sending an unintended 
write/store command. This problem can be easily 
resolved as shown in this application brief. 
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GIGO' Going to Sleep 


Just as a person falling asleep at the wheel can 
inadvertently command his vehicle into an undesirable 
situation, digital systems transitioning from normal 
operation to a power-off state or vice versa can 
distribute random data, addresses, and control signals 
along the way. 

Since Xicor nonvolatile memories accurately and 
reliably store data as instructed, data stored at power- 
down will be impeccably retained and available upon 
power-up. (That’s nonvolatile GIGO.) 


Protection-Conscious Design 


Data integrity is a major criterion with Xicor products 
and several superb features were designed into 
Xicor’s memories to ensure it. 


# Voc Sensor 
An onboard sensor establishes a threshold supply 
voltage of 3.0V below which write operations on 
E°PROMs and store operations on NOVRAMs are 
blocked. Above this voltage, write and store oper- 
ations are available and therefore must be pro- 
tected from unplanned instructions. 


=» Orderly Supply Transitions 
As a system powers up or down, the possibility of 
unintentional, internally generated control signals 
increases dramatically. The Xicor nonvolatile 
memory family has designed-in protection to elim- 
inate self-generated write/store commands. 


= Noise Filter 
An additional feature designed into Xicor's E°7PROM 
family is a noise filter to prevent glitches on the 
WE line from initiating a write cycle. This feature 
filters pulses of less than 20ns duration insuring 
noise spikes are not misconstrued as write 
commands. 
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# Write/Store Inhibit Control Pins 
Xicor nonvolatile memories require combinational 
control pin conditions in order to execute a 
write/store command. By disallowing any one of 
the required pin conditions, the user can prevent 
unplanned nonvolatile data changes so that data 
integrity is maintained. 


Write/Store Pin Conditions 


STORE CAPABILITY 
STORE OPERATION DISABLED 


ARRAY RECALL BLOCKS STORE INITIATION 
(SEE FOOTNOTE 2) 


STORE OPERATION EXECUTED? 


(CE) WRITE INHIBIT 
WRITE OPERATION EXECUTEDS 


Figure 2: E-PROM Family 


External Hardware Implementations 
Solution I—‘‘Hold-Low” Protection 


The simplest solution is to pull the OE (or ARRAY 
RECALL) to a logic “0” whenever the supply voltage 
is below the (5.0-10%) system threshold. 


Vcc 


91K 


OE 
(OR ARRAY RECALL) 


Figure 3: “‘Hold-Low” Protection 


9-32 


The Intersil* ICL 8211 programmable voltage ref- 
erence is an inexpensive 8-pin mini DIP which will 
sense a selected voltage threshold and output a logic 
“0” when the supply is below that threshold. Con- 
versely, as the sensed voltage rises above the 
selected threshold, the 8211 outputs a logic “1” 
following its supply voltage level. 


Solution II—“Hold-High” Protection 

The second method of data protection during 
power supply transitions is to keep the NOVRAM 
STORE pin (or the WE and/or CE pins in the E7PROM 
family) near the power supply voltage. By preventing 
the low condition of these pins which is necessary 
for a write or store operation, inadvertent stores will 
be eliminated. 


Vcc 


NOVRAM 


91K 


STORE) 


CE or WE (OR STORE) 


Figure 4: ‘‘Hold-High” Protection 


The graph in Figure 5 shows the performance of 
the Intersil ICL 8211. The top plot is a sawtooth 
which is connected to “5V supply” as shown in the 
Solution | and Solution || schematic diagrams. The 
bottom plot is the output of the ICL 8211. Note that 
when the supply is above 4.50V, the ICL 8211 output 
tracks it at logic “1”. When the supply sawtooth is 
below 1.56V, the ICL 8211 output tracks the power 
supply. However, since the Xicor memory family has 
internal protection inhibiting write/store operations 
when V<<¢ is below 3V, no inadvertent write/stores will 
occur in this range. In the critical range between 3V, 
where internal protection stops, and 4.5V, where 
normal operation begins, the ICL 8211 insures a OV 
output. 
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5.00V 


Vec 


| 
i] 
| 
Vourt (PIN 4) 
i] 
| 


0.00V 


Figure 5: Intersil ICL 8211 Programmable Voltage Reference/Supply 
and Output Waveforms 


As an alternate approach to the 8211, some 
designers may prefer to incorporate the SGS L487. 
This device is a 500 mA precision 5V voltage 
regulator which includes an open collector power-on, 
power-off reset output pin, which can protect the 
nonvolatile memories just as the 8211 does. The 
timing diagram in Figure 6 shows the voltage on this 
reset output pin as the supply voltage transitions 
through power-up and power-down. 


5.00V 
4.86V —-—-—------ SS 4.85V 
Vout 
| 
| ee 
coy ——___/ ! | 
4.75V 
| 
VRESET ; 
| 
0.00V 
—>| ty a 


Figure 6: SGS L487 Precision Voltage Regulator/Output and Reset 
Waveforms 


New Protect Features 
Serial Device Protection X2444 


A Previous Recall latch and Write Enable latch 
have been incorporated in the X2444 Serial NOVRAM. 


Upon power-up, both latches will be in the reset 
state. Both latches must be set in order to enable 
either a write RAM operation or store to E7PROM 
operation. 

A recall operation copies data from the E7PROM 
array into the RAM array. This operation places 
known data in all RAM locations and sets the 
previous recall latch. This prevents the user from 
inadvertently writing one word to RAM and performing 
a store operation with unknown data in all other 
locations. 

The WREN instruction sets the Write Enable latch, 
enabling (if the Previous Recall latch is set) write and 
store operations. The WRDS instruction resets the 
latch, disabling write and store operations. 

Therefore, total data integrity can be maintained 
through the use of software commands. The device 
is inherently protected during power-up and, through 
proper software control, is protected during power- 
down. 


X2404 Serial E7PROM 


Due to the nature of the software protocol involved 
in writing to the X2404, inadvertent stores are highly 
unlikely. During power-up or power-down the possi- 
bility of the bus duplicating the start condition, slave 
address and transmitting data successfully is so 
remote as to be unmeasurable. 


Software Write Protection 


Future E2PROM products will contain a register 
which is accessible through a software sequence 
algorithm. This feature provides the user control in 
selecting the level of write protection required by 
their application. Refer to the X28256 data sheet 
for details. 

Figure 7 indicates the write protection features 
incorporated in all Xicor products. 
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Footnotes 


' GIGO is an acronym popular in the computer world 
for “Garbage In Garbage Out”. 

2 ARRAY RECALL blocks all control inputs but does 
not halt a store in process. 

3 These are the only conditions allowing nonvolatile 
data change. 

4 See Intersil ICL 8211, ICL 8212 Programmable 
voltage reference data sheet in Intersil Data Book. 


GENERIC 


Figure 7: Product Protection Matrix 
0027-4 
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REPLACING DIP SWITCHES WITH NONVOLATILE 
TECHNOLOGY 


By Rick Orlando 


One of the most prevalent applications for small 
nonvolatile memories is that of replacing DIP 
switches. The advantages of the nonvolatile 
memories is clear. They take up less room, are 
easier to use, and lend themselves to automated 
board assembly. 256 bits of information, or the 
equivalent of 32, 8-bit DIP switches can be imple- 
mented in a single package. 

Xicor’s new X2444 Serial NOVRAM adds yet an- 
other feature—low cost. When coupled with the 
serial device's minimal interface requirements, the 
X2444 takes DIP switches head on, and is obviously 
the cost/performance leader. The purpose of this 
brief is to describe how easy it is to replace a DIP 
switch with an X2444 NOVRAM. 


DIP Switch Interface 


There are two common types of DIP switch in- 
terfaces. 


/O Port 


The first uses an I/O port with internal pullup resis- 
tors. Figure 1a shows a typical circuit that could be 
used either with a single chip microcomputer or with 
an I/O port on a microprocessor bus. In either case, 
the internal pullups present a logic “1” to the input as 
long as the DIP switch is open. To use an X2444 
Serial NOVRAM in the DIP switch socket, one only 
needs to tie pins 14, 15, and 16 of the 16-pin socket 
to Vcc. 

One then plugs an X2444 part in the uppermost 
half of the socket, and the circuit becomes that 
shown in Figure 1b. Vcc, STORE, and RECALL are 
tied hard to 5 volts, so that all nonvolatile operations 
are controlled through software. The four interface 
lines from the X2444 are connected to the four least 
significant I/O lines of the port. 


Figure 1. Microcomputer with Internal Pullups 
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No Internal Pullups 

The second type of interface uses ports which do 
not have internal pullups. In this instance, the X2444 
can be plugged into the top section of the pullup 
resistor socket, with a jumper from pin 13 of the 
16-pin site to ground, for the Vss on the serial part. 


Again, Vcc, STORE, and RECALL are tied to +5V 
through the connections used for the resistor pack. 
The DIP switch socket simply remains empty. See 
Figure 2. 


Figure 2. Microcomputer without Internal Pullups 


Both of these implementations free up four more 
I/O lines to be used elsewhere. They also require the 
same software to drive the X2444. 

Assume that the processor is a 6801 with the 
X2444 replacing a DIP switch. The procedure “INIT” 
initializes the port (see Section 1, “X2444 Driver Pro- 
gram for 6801"). 

Serial output is accomplished by loading the data 
to be output into the A Accumulator. A loop routine 
then shifts a bit into the carry, sets the serial data out 
(Data in for X2444) to either a “1” or “O” depending 
upon the state of the carry and toggles the clock. 
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(See Section 2 Procedure “SHIFT 1” of X2444 Driver 
Program for further details). 

The serial input is performed by a loop which ex- 
amines the state of the serial data in, (Data out for 
X2444) sets the carry accordingly, shifts the carry 
into the accumulator and toggles the clock. (See 
Section 3 Procedure “SHIFTIN” of X2444 Driver 
Program for further details). 

The complete software is as follows, and it oc- 
Cupies about 100 bytes of code. As one can see, the 
X2444 is indeed a value replacement for DIP 
switches. 
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AAR 


FORO RO RORORO KORO INO ROIOIOROSOIONOIOROROROIOIOIOIOIOIOIOIONORONOIUIONONOSOIOSOIOIONOIC SOC IONC IC C8080 30 80260282828 802802 2 8 202 2 
6801 X2444 DRIVER 

ASSUME THAT FORT1 IS USED AS THE 2444 INTERFACE 
FORTL'S REGISTERS ARE LOCATED AS FOLLOWS 

DATA DIRECTION HEX 0000 

FORT HEX 0002 

FORT 1 X2444 

I/O 0 SERTAL. CLOCK SERIAL CLOCK 
T7Q 1 SERTAL OUT SERIAL IN 
I/O 2 SERTAL. IN SERIAL OUT 
170 3 2444 SELECT CHIF SELECT 


, 

$ 

, 

> 

5 

> 

> 

> 

> 

> 

+ 

> 

> COMMANDS ARE FASSED TO THE X2444 ROUTINE EY A FARAMETER IN THE 

> & ACCUMULATORs WHILE THE ADDRESS IF NEEDED IS FASSED ON THE STACK 
> SERIAL. DATA IN ORK OUT USES THE TEMPORARY LOCATION TEMF 1» 

> WHICH IS A SIXTEEN EIT WORSD. THE X2444 COMMANDS ARE ENCRYFTED AS 
$ FOLLOWS « 

> COMMAND CODE: INSTRUCTION OF CODE. 

> 0 READ LAAAAL1IX 

> 1 WRITE LAAAAD1L I 

> ea RESET WRITE ENABLE 11111000 

> 3 STORE, 11111001 

> 4 SLEEP 11111610 

> o SET WRITE ENABLE L111 100 

$ & RECALL 11121101 

> “1°s ARE USED INSTEAD GF DON'T CARE TO DISTINGUISH BETWEEN DATA AND 

+ NON DATA OPERATIONS. 

SOROROROROROKORORORCIORO KORO ROR ROBO IOROIOROROROROROIOIOHONOIOIOIOROROIORONORONONOIOIOIOIO IO RO IORONOIOIOROROIONOIONOROIO IO ROO RO RONOIOIC ICE 0000000 


DIRECTION 1. oEQU 00. 
PORTA EAU 02. 
TE MF 1 «EQU O8UH +RAM STORAGE FOR DATA 
COUNT eEQU 0824 *COUNTER VARTABLE 
DATUM eEQU O84H s>DATA STORAGE 
ADDRESS oEQU O86H s*ADDRESS STORAGE 
ERRORDATA «EQU O88H *ERROR DATA 
SURO ROROROROIOKOIOIO ROI ROO ROC OIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOK IOI IOIOIOROIOIIOOIOIOIOIOIOROIOIOIO ICAO ORO IOIOIOIO IO IOI BORO IOIO IOI IOIOIOK 
; PROCEDURE INIT 
> THIS PROCEDURE INITIALIZES THE X2444 INTERFACE 
SOROROROROIOIOROROROROROIOICIOROROIOIOIOIOIOIOIOIOIOIOIOIOIOIOIOFOROIOIOIOIOIOIOIOIUIOICIOIIOIOIOIOIOIOROROIOIOIOIOIOROIO IC ACEO IOI ICRC ICI IOI IOR 2380 IO > 
INIT L.DAA #16H > B=1Olis 170 O»1 AND 3 UOUTFUTSs 2 INFUT 
STAA DIRECTION > WRITE TO DATA DIRECTION REGISTER 
CLARA sSET CE TO OCINACTIVE) » DOUT AND Sk TO 0 
STAA FORT. *AND STORE TN DATA FORT 
RTS > 


FROG RONG IOROIOIONO ICICI 8808000080008 00008 80 0008000 8 I CCCI ICC 2 
> SHIFTER ROUTTNF- SHIFT1 

+ THIS ROUTINE TAKES THE DATA IN THE A ACCUMULATOR AND CLOCKS IT MOST 

> SIGNIFICANT BIT FIRST INTO THE X2444. THE FLOW IS SHIFT A EIT» TOGGLE 

> THE SERIAL OUTFUT(6801) ACCORDING TO STATE» AND TOGGLE SERTAL. CLOCK 

SRO RONOROROIORORONOIOROIOIC ICICI RC 808280200280 38000 0000300000000 8088 CC IC ICR CI CC 


SHIF TOUT 1..DAE #08. *LOAD THE ELT COUNT WITH 3 
STARE COUNT SSTORE IN COUNTEF 
SHIFT1 ROL.A *SHILET RET INTO CARRY FIT 
L.DAE: #14H swe SET DATA OUT TO ZERO» WHILE SETTING CHIF 
sENABLE. SERTAL ChLOUK US luW, 
BCC TRANS otk BIT IS A ZERO» THEN TRANSMIT 
ORAS #02H rr IT TS A ONE» THEN SET DATA UUT 
TRANS STAE: FORT 1 sSVORE THE DATA INTO THE FORT 
ORAE: #01H sAND GET THE CLOCK FOR A TRANSIT TION 
ST AE FORT 1 sBY WRITING A J FO SERTAL CLOCK 
ANDE: #1AH 7KEEE THE DATA VALIDs BUT SET SK TO ZERO 
SS TAE: FORT 1 FAND STORE TIN THE FORT 
L.DAE: #144 > TOGGLE CLOCK DOWNy GET DOUT TO 0% BUT Kee 
STAR FOR TL >X2444 SELECTED 
DEC COUNT + VECREMENT THE EET COUNTER 
ENE. SHIFT1 s1f COUNT TS NOT ZERO» TRANSMET NEXT E11 
ROLA 7UNE. MORE ROTATE TO PRESERVE LNSTRUC TION 
RTS sRE TURN FROM SUEKOUT INE 


ROKR ORO ROI OI ROR ROIOIOIOIOROIOIOIOSOK IOIOIOIOIOIOIOIORO IOI IOIOIOIOIORUIOIOIOIOIOSOROROIOROIOIOIOROIOIOIOROIOKOIOROIOIOKOIOROIOIOIO ROCCO 
SHIF TIN ROUTINE 

THIS SUBROUTINE SHIFTS IN 8 EITS OF DATA INTO THE A ACCUMULATOR FROM THE 

X2444. THE METHOD IS TO ENTER WITH THE CLOCK LOW,» TOGGLE THE SERTAL CLOCK» 

EXAMINE THE INFUT DATA» AND SHIFT IT INTO THE A AUCUMULATOR. THIS LS DONE 

8 TIMES. THE ROUTINE IS EXITED WITH THE CHIF DESELECTED» AND THE [ny TE. 

READ FROM THE CHIF IN THE A ACCUMULATOR 

SRO RORORORORONOROROROROK ROKR KORO IOROIOIO IORI RO ROIOIOIO RIO IOI IOI OIRO IO KORO ROIOIOROROIOROIO IORI IO IOROROIORORO RG ORG RO IO IOROROR OIC 00 CK 0c 

GHIFTIN — L.DAE: #8. 7LUAD THE ELT COUNT 

STARE COUNT SAND STORE TT TN THE COUN TEAS 
7AT THIS POINT THE X2444 SHOULD GE SELECTED 
7 THEREFORE» WE DO NOT NEED TO SELECT CHIF 


> 


o> er o> wer er > 


NEXT #04 *>MASK BLT FOR LT70 2 OF FORT 
FORT 4 sCHECK TO SEE LF INFUT TS A ONE OR ZERO 
*CLEAR THE CARRY 
CLOCK sIF TT 1S A ZERO» LEAVE CARRY AT 0 
sOTHERWISE SET CARRY TO LOAD LNTO A 
CLOCK L.DAE #15H sSEND A CLOCK TO X2444 BUT KEEF CHIF SELECT HIGH 
STAE FORT 1 sBY WRITING A 1 10 SERIAL CLOCK OUTPUT 
SHIFT LDAE #14H sSET UF TO CLEAR CLOCKy BUT KEEF X2444 SELECTED 
STAE FORT1 *AND STORE 
ROLA sROTATE CARRY INTO LSE OF ACCUMULATOR A 
DEC COUNT *DECREMENT COUNTER 
BANE NEXT sIF NOT ZERO» THEN WE ARE NOT DONE» GET NEXT 
RTS s>AND RETURN FROM SUBROUTINE 
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SURO RO RORORORURO ROO ROROROROIOROROROIORORORO RONG ROROROSOROIORCROROICICOICOICOIORC ORC EC 20000085 CCC CC CCCI ICICI CC 2K 2 
$ X2444 DRIVER ROUTINE. 

+ IT IS ASSUMED THAT THE INSTRUCTION IS FASSED IN THE A ACCUMULATOR. AN 

$ ADDRESS» IF NEEDED» IS FASSED ON THE STACKCCURRENT SF-2) 

+ DATA TO BE READ OR WRITTEN WILL BE HELD IN TEMP 1 
JUROROIOROROROIOIOIOROIOSOROIOIOIOIOROROIOROROROROROIOROROFOROIO ION IIOIOIOIOIOIOROR IOI IORO ICICI IONIC IONCROROICOIORORC ICC OECRCIC IOC 200K 88K DF 


DRIVE CMF'A #0F 8H sCHECK TO SEE IF IT IS READ OR WRITE 
EGE NONDATA ¢IF NOT» THEN BRANCH AROUND 
TSX >TRANSFER STACK TO INDEX REGISTER 
ORAA 29x *THE ADDRESS SHOULD BE SF+2 
JSR SHIF TOUT sOUTFUT THE INSTRUCTION 
ANDA #04H *CHECK TO SEE IF IT IS A READ OR WRITE 
BNE RD sIF ALSI=1» IT IS A READ 
WRT LDAA TEMF 1 *IF TT TS A WRITEs GET THE FIRST BYTE. 
JSR SHIF TOUT sWRITE THE FIRST BYTE 
LDAA TEMF 141 sGET THE SECOND BYTE 
JSR SHIF TOUT PWRITE THE SECOND FYTE 
ERA DONE. sWRIETE INSTRUCTION COMPLETE 
RD JSR SHIF TIN sGET THE FIRST BYTE 
STAA TEMP 1 *STORE IN TEMP L 
JSR SHIF TIN *GET THE SECOND EY TE: 
STAA TEMP 1+. PSTORE IN TEMPE +1. 
ERA DONE: sREAD COMPLETE 
NONDATA = ISK SHTIF TOUT FOUTRUT THE TNSTRUCT ION 
DONE CLLIRA 
STAA PORT. PDESELECT THE X2444 EY MAKING CS 0 
RTS sRETURN FROM SUBROUTINE 
JRO IORI IOI OIOIOIOR IO ROROK IOI OIOIOROIOIOKOIOIOIOIONOIOIOIOIOROIOIOIOIOIOIOIO IOI FORO IORI IORI OR NOROIOIOROROROIO IONIC OOO ORC CECI OR ICCD 
, MAIN INSTRUCTION ROUTINES COULD EE MACROS 


FOOROROROIOIOIOIO ORONO IOROIOIOIOFOIOIOIOIOIOIOIOIOIOIOIOIOIONOIOKOROIOIOIONOK IOI OK OROIORO ICO IO IOR NOR IORO ROMO IOC ICICI IC KC RICCI CK COICO I 
SIO IOROROICIOROIOIOIO IOI IOROROROIOIOIOROROIOIOROIOROIOKOIOROIOIOKOIOIOKIOIOIOIOIOIOIOIOK TOKO KOIOIOROIOROROICIOK OIRO I OIC ROIC CIC IOK 20C 2CIC C208 28 
> READ ROUTINE 

* ASSUMES THAT THE ADDRESS TG IN THE A ACCUMULATORs DATA TS LEFT IN xX REGISTER 
FUROR RRO IOROROROIOROROROIOIO ROO IOIOIOIOIO IOI ROI OKO IO IO KIO IOI IOIO ROI IO IO IOI ICICI ORO IO KOROIO ICCC 20 ICRC CIC ICRC ICRC CO IC 


READ ASLA PSGHIF TT THE ADDRESS 3 TIMES TO LINE 11 
ASLA sURP WITH THE INSTRUCTION FOLELD 
ASLA 
F SHA sFUSH ADDRESS ON THE S TACH 
L.DAA #0871 *LOAD TNSTRUCT ION INTO A ACCUMUL Ee TO: 
JSF DECTIVE: sR ERE ORM INSTRUC TION 
L.DX TEME 1. *GET THE RESULT IN THE INDEX REGISTESs 
FULA *CLEAN UF THE STACI 
RTS FAND Ik PUIRN 


2 ROROIOROROIOOIOIOIOIOIOIOIOIOROICIOFOFOR ONO IOIOICIOIOIOI IOI IOFOIOIOIO IO IO IORI KIO IOIORO ORO IOI IO IDI IO IO ID IO ICAO IO IANO IO IOK OIRO IO OIOKC 
> WEITE ROUTINE 
* ASSUMES THAT THE ADDRESS (5 IN THE A ACCUMULATOR: DATA TO WRITE LS IN) THE. 
> X REGISTER. 

* ALSO CALLS SET WRITE ENABLE LATCH ROUTINE CGWREN) TO ENABLE THE WRITE OFF RAT LON 
FORO ROROIOROROROROIORORORORO ROK NOK ROI IOIOROROIOIO FORO IO IO RO IOIOKOIOIOIOIOIOIOIC AIO IOIOROIOIOIOFOIO RO ORO IO IDI ROIOIO IORI IO ORO ION OK EE a 


WRITE. ASL.A POH T THE ADDRESS 3) TIMES 

ASL.A 

ASLA 

FOHA PRUSH ADDRESS ONTO THE STACK 

JSE SWREN -GET THE WRITE ENABLE LATCH 

\..DAA #0 83H 7LGAD WRITE TNS TRUL T LON 

$TX TEME I PSTORE DATA IN TEMF 4 

ISR DEVE! eRe REOKM INSTRUCT ION 

FULLA SULE AN UR STACK 

RTS 
FRO ROROROROROROIOIOIOIOIOROIOIOROIOIOR NOK IOIOIOIOROROIOIOK IO IOIOI IOI OOK ORO IOI IOI IOK IOI IO IOI IOI IOI IORI IORI FORO IIOROIO IOC IC 
RWREN L.DAA #0F 8H tLOAD THE INSTRUCTION 

JIS DRIVE: FAND LOXECUTE 

RTS 
PROC IOROIORORORCRORORORORORORONOROKOIOROKIOIOIOKORORORO FORO IOIOIOROOIOROORIOIOIOROIOIOIOROIOIOIOIOROIOIOROIOKIOROIOFO IO IO ICR IORI IORI ICICI KC 
STORE. L.DAA #0F 9H 2L.OAD THE INSTRUCTION 

JSR DECILVE: APERFROM OFERAT TION 

RTS sAND KE TURN 
2 XOROIOROROIOROIORORO ORO IO IOIOIOIOK SOIOKOROKOROROIOIOR IO IOIOIOO IORI IOROIOIOIOIOIOIOIOIOIOOIONOIOROICIORO IO ROO ROOK HOR IORI IO HOR ORONO 
SLEEF L.DAA #0F AH sLOUAD THE INSTRUCTION 
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USING DATA POLLING IN AN INTERRUPT DRIVEN 
ENVIRONMENT 


By Rick Orlando 


The use of interrupt driven system design has 
become increasingly popular in many applications. 
Interrupt driven systems usually can achieve higher 
performance and improved user friendliness. An 
interrupt driven system can perform a variety of tasks 
while waiting for a certain condition to occur, rather 
than constantly looping and waiting for the occurrence. 
Writing to E*PROMs is no exception. Since the 
devices take a relatively long period to complete a 
Write Cycle, the system could perform a variety of 
tasks in the meantime. 

DATA Polling was introduced on the X2864A to 
allow notification to the processor of Write Cycle 
completion. The manner in which it works is quite 
simple. The processor first writes a byte of data into 
the E°PROM. Any subsequent reads to any location 
of the chip will produce the complement of the data 
last written (hence, the name DATA Polling) until the 
E*PROM's internal Write Cycle is complete. At this 
point, reads to any location in the E°PROM will result 
in the valid data at that location. It can be seen that 
one can simply write a byte, and then perform 
frequent compares of the data in the location just 
written. The data will not be correct until the chip has 
completed its internal Write Cycle, and the Data 
Circuitry is disabled. 

In applications where the processor does not have 
anything to do during the Write Cycle, the software 
can simply perform compare loops until the Write 
Cycle is complete, and then write the next byte. In 
applications which are more processing time limited, 
a test loop can be placed in the main program loop, 
which will check the status of a previous Write Cycle 
on each pass through the main or outermost software 
loop. Almost all microprocessor applications software 
has such a top level loop. DATA Polling is obviously 
adequate in these environments. 
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The interrupt intensive applications may not have 
a main control loop nor can they usually afford the 
processing time for the processor to sit and loop until 
the Write Cycle is complete. In these applications, it 
would be ideal if the Write Cycle completion notifica- 
tion could be interrupt controlled. Although it is not 
obvious, DATA Polling can be used in these appli- 
cations as well. 

It should be noted that the whole reason for Write 
Cycle notification is because the typical write times 
for the E*PROMs are substantially shorter than the 
specified maximums. The magnitude of the delta 
between the typical and the maximum values deter- 
mines the importance of the Write Cycle notification. 
One can easily see that if the maximum Write Cycle 
time and the typical were equal, one would only have 
to time a fixed interval for each Write Cycle, either 
from a software loop or a hardware timer. The 
hardware timer would generate an interrupt 10 msec 
after the Write Cycle was initiated, and the next byte 
could be written. Keep in mind that the discussion of 
write times for E7PROMs are in terms of msec rather 
than the usec in which the processor executes 
instructions. A few muwsecs here or there are not 
important when compared to the Write Cycle time of 
about 10 msec. 

DATA Polling does not require any additional 
hardware interface in order to be used. It is an 
exclusively software oriented method for determining 
Write Cycle completion. Even in an interrupt environ- 
ment, no additional circuitry is required, since all of 
the interface to the chip occurs through the data and 
address bus. 
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In order to use DATA Polling in an interrupt driven 
system, one only needs a time-based interrupt 
generator. This could be a programmable timer or 
even something as simple as an AC frequency 
interrupt. The key is that the processor does not 
check to see if the device has completed the Write 
Cycle until the interrupt occurs. The interrupt routine 
simply compares the data last written to the E-PROM 
to the data coming from the E*PROM. If the two 
match, the device can be written again. If not, the 
processor simply returns from the interrupt routine to 
where it was and continues processing until the next 
interrupt. The interrupt source is maskable which 
prevents the overhead of servicing the periodic 
interrupt during the intervals when a write has not 
been performed. 

A programmable timer or counter is the most 
elegant solution. Figure 1 shows the hardware config- 
uration of a typical system with the E7PROM and the 
programmable timer on the bus. It should be noted 
that no unusual circuitry is needed from the E7PROM 
socket, which preserves its usefulness as a truly 
universal socket. The timer interrupt output drives 
one of the processor's interrupt lines. Many systems 
already have such a timer on the bus, and as a 
result require no additional hardware changes to 
implement this method. 


__ 6800 
INT MICROPROCESSOR 
PROGRAMMABLE 
TIMER 


X2864A 
E?PROM 


“ve-~7 QA ap 


2 -—-o © 


veo 


Figure 1: Hardware Configuration of a Typical System with the 
E°PROM and the Programmable Timer on the Bus 
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The software implementation is rather simple. 
Figure 2 shows an example of how it might be done 
using a 6800 microprocessor and a simple timer. 
The timer control and data registers are mapped into 
the memory locations described in the initial header 
along with the temporary RAM variables, which are 
used to store the last data written and its address. 

The write routine (WEEPROM) initially checks to 
see if the E°PROM is ready to perform a write. If not, 
it simply exits with an error code to show that the 
write has not taken place. If the write is performed, 
the timer is loaded with the initial count for 4 msec, 
and the timer interrupt is enabled. The processor 
then goes off and performs its normal duties until the 
interrupt takes place. At that point, the interrupt 
routine (CKEEP) is entered. It first checks for the 
proper data that was written to see if the write is 
complete, using DATA Polling. If it is, the ready flag 
is set, and the routine is exited. If not, the counter is 
loaded with a smaller increment, such as 500 usec 
until the chip's Write Cycle is completed. This 
essentially allows the majority of the Write time to 
pass (4 msec) before the processor checks at the 
more frequent interval of every 500 usec. 

Five hundred psec has been chosen in this 
example for the interrupt granularity. The value used 
for a particular application should be chosen based 
upon the actual system requirements. 

One can see that this implementation is rather 
easy and can be performed with hardware that 
already may exist in the system. By using the periodic 
interface approach, the system has the advantage of 
using an interrupt driven write algorithm, while main- 
taining only a software interface to the E°PROM. 
Most of the “bookkeeping” sections of the example 
code are the same as one would use with any 
method of write termination notification. The end 
result of using DATA Polling in an interrupt environ- 
ment is optimization of the Write Cycle period as well 
as preservation of the pinout of the universal 28-pin 
socket for expansion through the 256K bit level for 
E°PROMs. 
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PAGE - 1 DATA_COD 


Files: *DATA_CODE. TEXT CODE) FOR DATA FOLLING IN INTERRUFT ENVIRONMENT» 6800 VERSION 

0000; «PROC DATA_CODE 

Current memory available: 4380 

0000: 2 ICRC ROROROROROIORO KORO RO IO RO IOROIOROIOIOIOIO ICRC KORO ORORO RONG SOIC IO ROCIO RCC C50 280028 IC 80280280 0028 NC IC 80 NC 8 38 3 RC RI RC 
0000; > SAMFLE CODE FOR USING DATA FOLLIING IN INTERRUPT ENVIRONMENT 

0000; , THIS CODE SHOWS AN EXAMFLE OF HOW TO USE DATA FOLLING IN A 

0000; * INTERRUPT DRIVEN WRITE MODE 

0000; 3 ORR ROIORCROROIOROIOROROROROUIOROOROROIOROROROROSOROIOROSOIO RO ROROROIOROSUSOIORORO IO IO RONOROSOROIORCONCICIC C80 CCC ICRC ICRC ICI aC 
0000: > MEMORY |.OCATIONS 

0000: 0100 TIMER eEQU O1L00H *LOCATION OF TIMER DATA REGISTER(COUNT DOWN VALUE) 
0000; 916 BIT VALUEC2 BYTES) 

0000; 0102 CTIMER CE QU O102H *>TIMER CONTROL REGISTER 

0000: 010% LASTA eEQU O1LU3H >KAM LOCATION FOR LAST WRITTEN DATA 

0000; 0104 TEMEF oF AU 0104H *hKAM LOCATION FOR LAST ADDRESS WRITTEN 

G000: 0104 ERROR ob.QU 0106H sERROR FLAG FOR WRITE 

0000: 0107 READY oE QU 0107H *>MEMORY READY FOR NEXT WRITE FLAG 

0000; 6108 CONF TG EAU 0108H *>TIMER CONFIGURATION EYTE 

0000; 

v000; ~ORG OF OOOH 

roaaes SOROROROROROIOIOROIOIO ORO ROROROROROROROROROROROROROROIOROROIOIOROROIOROROIOIOIONOROIO NOI SOROROROROROROSO BORO ORONO ICICI ICICI ROI IBC 
FOOO: ; EER ROM WRITE ROUTINE 

FOOO! > {HIS ROUTINE WRITES A EYTE OF DATA FASSED IN THE A ACCUMULATOR INTO 
FOOO: * THE EEPROM AT LOCATION FOINTED TO EY THE VALUE IN THE X INDEX REGISTER. 
FOOG) > THE ROUTINE THEN INITIALIZES THE DATA IN THE COUNTER TO 4096» SINCE THE TIMER 
Fogo: * COUNTS AT A 1 MHZ FREQUENCY. THIS WILL TIME OUT THE INITIAL 4 MSEC OF THE WRI 
FOOOs > WRITE CYCLIC. THE ROUTINE THEN ENABLES THE INTERRUFTS AN RETURNS CONTROL TO 
6O00; * THE CALLING FOUTIINE 

FOOQO) SORORORORORORORORO ROO ROR RO ROOF RO RO ROKR ROORORIORO RIOR ORO RO RO ROR ROR RORORORC IO ROR ROCIO ICCC 0C 1880 C28 C38 28 JRC CRC IC 3 CC 
FO00!: Cé Ut WEEEROM LDAE #00H *+COMPARE TO SEE IF YHE MEMORY IS READY FOR WRITE 
FOO) F1 0107 (MEE: KEADY *+CHECK MEMORY LUCATION READY 

FOO. 27 mx RA WRITE >IF READY THEN WRITE 

FOU7) Le OG L. DAE: OOH sOTHERWISE SET THE ERROR FLAG 

FOO9) FZ G106 STARE EAE OFS F,AND STORE IT IN ERROR 

FOOC! 20 xm EEA ee Oa ,AND EXT 

FOOE: AZ Hu WRITE STAA O»x SWRI TE THE DATA IN A TO LOCATION X 

FOLO!) BZ D103 STAA LASTA sO URE DATA IN RAM AT LASTA 

FOS) FR U1U4 S TX theMk ,AND STORE LOCeE TION IN EEF ROM AT TEMF 

POLG) Ue Lu IDA #10H WOAD THE FIRST EYTE OF 4096 HEX INTO E ACCUMULATOR 
FOB! FA UL STA: TIME.te PWRIETE TO TIMER DATA REGISTER 

FOUES Ue oo DAES #004 aLOAD THE SECOND BYTE OF 4096 HEX 

FOODS 7 0101 STARE: TIMER+1 ¢ STORE TN THE LSE OF TIMER REGISTER 

FUZO) Fe D108 1. DAE: CONFIG ¢GFf THE TIMER INITIALIZATION CODE 

FO23) FF o102 TRAE: CTIMET sSTORE TT IN THE TIMER CONTROL REGISTER 

FO2Z4: GE Oe PCLEAR INTERRURT MASK TO LET TIMER INTERRUFT 
F027) 39 xy KTS *RE TURN FROM SUBROUTINE 

F076) 3 ROROOKOROIOROROK KORO ROIOIOIOROROIORORORORORO RIOR ORO IOIORORORORORO ROR ORO ROR ORO ROKR ROI BORO RO NO RO RO ORO IO MC ROIOIONE IORI 48 
F028; 3 CHECK EER ROM ROUTINE 

FORE: . VHIEGS ROUTINE CHECKS TO SEE IF THE EEFROM IS DONE. TT IS ENTERRED 

b OLB) y EVERY TIME THAT THE Ce tkkRURT 5 DEN RATED FROM THE TIMER. IT COMFARES 
Pa Sa PHP Dae A OCA LOIN Ti CIN ith EEF buMmM WITH THE DATA THAT IS <TOHED IN 
a) ie a e hao TA LOCATION TIN ream. TF OTHE CUMPARISUN FATLS» THEN THE EEFROM 4S NOT 
FOE > DONE YET » ADN THE TIMER IS RESET Th) TIME 172 MSECCOR Si2 USEC). THE 
Oks * ROUTINE IS THEN EXUCTIED. 

FOZE: 2 ROROROROROROROROROIOIOROIOIOIORU ROO IOROROIO ROR ROI ROUIOIOROROROIORO RO RO CIO RO IOROROROKO ORONO NORCO NC NCIC ICICI 200290200280 380 28 380 2 28 38086 3 
F028: EBE6 U103 CREER L.DAA LASTA *GEY THE LAST DATA WRITTEN 

FOZE: FE 0104 L.Dx TEMF sGET THE ADDRESS FOR THE EYTE IN EEFROM 

FOZE: Atl 00 CMFA OX *>COMFPARE TO SEE IF THE WRITE IS COMPLETE 

FAGE - “~ DATA..COD 

Files *DATA..CODE. TEXT CODE FOR DATA FOLLING IN INTERRUFT ENVIRONMENT:s 6800 VERSION 
FO3O0) 26 «« ENE. REINIT >IF NOT EQUAL REINITIALIZE THE TIMER 
F032: 86 06 L.DAA #00 *SET THE READY FL.AG 

FO34) Ey 01467 STARA KEADY sAND STORE TT IN READY 

F037) 20 «x ERA RET sAND RETURN FROM SUBROUTINE 

FO389) B46 Dv RECIN IT L.DAR #O02H >L.OAD THE FIRST EYTE FOR COUNTER 

FO3ER: E77 b1L00 STAA TIMER sWRITE TO TIMER DATA REGISTER 

FO3E: 86 OG L.DAA #00H sLOAD THE SECOND EYTE 

F040: E7 O1L0O1 STAA TIMER+1 ¢WRITE TO LSE OF TIMER DATA REGISTER 
F043: 3B RET RTI s+RETURN FROM INTERRUPT 

F044; ee SO COSOS OPO SESE SOOO OCO>EEEE>ESSOOESESESESES>SSOSOS>ESOSOCSOS OS OSES 6% 
F044) «END 


SYMEOL. TABLE DUMEF 
CODE FOR DATA FOLLING IN INTERRUPT ENVIRONMENT» 6800 VERSION 


AE - Absolute LE - Label UD - Undefined MC —- Macro 

RF - Kef DF ~ Def PR = Proc FC - Func 

RPE - Fubtic FU ~ Frivate CS ~- Consts RS - Residents 
CKEEF LE FO2Z8: CONFIG AE 0108: CTIMER 

LASTA AE 0103: READY AE 0107: REINIT 


WEEFROM LE F000: WRITE LE FOOE: 


AE 0102: DATA.COD FR ----i ERROR AE! 0106: EXIT LE! F027 
LE FO39; RET LE F043: TEMF AE 0104: TIMER AE 0100 


Figure 2: Software Implementation for 6800 Microprocessor and a Simple Timer 
0007-3 
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NOTES 


E2PROM PROVIDES THE SOLUTION TO FIELD 
ALTERABLE SOFTWARE 


By Rick Orlando 


The advent of the 5-volt E7PROM has brought 
about many changes in the manner in which the 
designer views his software. Such devices allow for 
in-field reprogrammability, which greatly reduces the 
cost and impact of software changes or upgrades. 
The 5 volt E7PROM allows the designer the capability 
to completely upgrade or change his software from a 
remote location rather than through the replacement 
of the system ROMs or EPROMs, a costly and 
inconvenient method at best. Complete infield pro- 
grammability requires that the entire program store 
of the system be implemented in E*PROM. An 
alternative is a “hybrid” system. 

A “hybrid” approach refers to a design which 
utilizes both EPROMs or ROMs in conjunction with 
E*°PROMs to yield a design which features the best 
of both approaches: the low cost of a full ROM 
implementation, while maintaining the flexibility of a 
full E7PROM approach. 

The secret to this approach is to analyze the 
software requirements of the end system from two 
distinct levels. That of the machine code routines 
which perform the simple tasks, and that of the 
higher level routines which call the lower level 
routines to perform an algorithm. The order in which 
the low level routines are called is determined by the 
higher level routines or program flow. This “Top- 
Down” programming approach is more efficient and 
structured, and is the basis for many high level 
languages. The fact that it can be used in machine 
language coding should not come as a surprise to 
designers, since the decomposition of a complex 
task into many simple tasks is quickly learned in 
programming, even if it is not called “structured 
programming” per se. The decomposition of the end 
task can sometimes lead to many different levels of 
program structure, but for the simplicity of discussion, 
this brief will limit itself to the most simple approach, 
that of two level program structure. 

The lower level code consists of the machine 
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dependent routines such as that required to fetch a 
character from an 1/O link. The buffering of multiple 
characters from this link might also be a low level 
routine. The interpretation of the buffered character 
string will be implemented in the higher level code, 
since it simply calls the lower level routines and 
determines the action to take based upon their 
results. | 

A basic example is that of the executing of multiple 
character command entered by the operator from a 
keyboard. The lowest level routine simply gets a 
character from the keyboard if a key is depressed. 
The next level of the software “buffers” the input to 
make the system more “user-friendly”. This routine 
looks at the input string, eliminates misplaced blanks 
or other characters, and forms a character string 
which the high level program can understand. As a 
result, the ‘parsing’ task is broken into three distinct 
levels. 

The first involves the inputting of a single character 
from the keyboard into a character buffer. The second 
level continually calls the first routine until an end-of- 
input character is detected (such as a Carriage 
Return). The top most level of the code takes the 
parsed command and determines if it is a valid 
command by searching a table of valid commands. 
If the command is valid, the address of the routine to 
execute is fetched out of the table, and the processor 
performs a jump. Most of the input processing is 
handled at the lowest level, thereby reducing the 
overhead in the outermost routine. 

As more and more of the processing tasks are 
pushed “down” into low level routines, the main 
procedure in the high-level segment becomes very 
short and simple. In fact, it can be reduced to a 
simple list of jump-to-subroutine instructions. This 
structured approach not only eases the software 
development task, but it also minimizes the debugging 
time required for the software since it is built upon 
other routines which have already been debugged. 
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lf one completely decomposes the task to be 
performed by a particular segment of the systems 
main program, it becomes a list of procedure calls to 
lower level segments. This method lends itself very 
well to a system which can use E7PROM. Since the 
“outermost” program store is quite compact, it can 
be implemented in E7PROM while the majority of the 
machine code in the lower levels can be implemented 
in ROM or EPROM. Changes to the software then 
become as simple as changing the jump location in 
the E7PROM, and the order of execution of the lower 
level routines can be altered in such a manner. 

Using this method, one can also reserve a section 
of the E7PROM for low-level “patch” alterations to 
the software. If a low level routine is found to be in 
error or needs updating, the new version of the 
machine code is loaded into the reserved section of 
the E°7PROM. The jump instructions in the high level 
code in the E°PROM are simply changed to “jumps” 
to the new routine now residing in the E7PROM as 
opposed to the old routine in the ROM or EPROM. 
Figure 1 shows a typical memory map where the 
E°PROM is used to store the high-level routines 
which perform a variety of jump to subroutines to 
contro! the program flow. The low level machine 
language routines are stored in the EPROM as 
shown. Figure 2 shows how a patch is made to 


ROM E’PROM 
“GET CHARACTER” “COMMAND” 
a ROUTINE ROUTINE 
“PARSE” VALID 
ROUTINE CHARACTER 
LIST 
COMMAND #1 ROUTINE 
VAUD 
COMMAND #2 ROUTINE COMMAND 
LIST 
HIGH-LEVEL 
LOW ROUTINES 
“PATCH” 
AREA 


LEVEL 
Figure 1: Memory Map Original Configuration 


SAMPLE ENTRY 


ROUTINES 


ROM E°PROM 
ROUTINE (OLD) ROUTINE COMMAND-“GO” 


PARSE VAUD 

ROUTINE (OLD) CHARACTER 
LIST 
COMMAND 
LIST 


COMMAND #2 ROUTINE 


LOW 
LEVEL 
ROUTINES 


HIGH-LEVEL 
ROUTINES 
NEW “PARSE 
ROUTINE 
PATCH AREA 


Figure 2: Memory Map After Routine Patch 
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COMMAND-“GO”’ 


replace the old routine in EPROM called “PARSE” 
with a new version loaded into the E7PROM. The 
jump-to-subroutine addresses in the E°PROM are 
updated to point to the new routine in E7PROM. The 
actual update or “patch” can be performed remotely, 
thereby eliminating the need for in field EPROM 
replacements for both the remedying of software 
bugs as well as the upgrading of systems in the field 
to take advantage of new features or capabilities. 

Since both the valid character and the valid 
command tables reside in the E°7PROM, new entries 
can be made to allow for additional command 
selection. New command character strings are simply 
added to the valid command list. The low-level code 
for the new command can either be loaded into the 
E*PROM patch area or utilize routines which already 
exist in the ROM or EPROM. The appropriate 
address is appended to the new command string. 

If an error is discovered in an existing command, 
the valid command list is updated to point to the new 
command routine which is loaded into the patch area 
of the E°PROM. Figure 3 depicts the memory map 
after such a change has been made. 


ROM E’*PROM 
“GET CHARACTER" COMMAND 
ROUTINE (OLD) ROUTINE 
PARSE VALID 
ROUTINE (OLD) 


CHARACTER 
UST 
COMMAND #1 (OLD) 


SAMPLE ENTRY 
COMMAND-''GO” 


VAUD 
COMMAND 
UST 


HIGH-LEVEL ROUTINE 
PATCH AREA 


LOW 
LEVEL 
ROUTINES 


Figure 3: Memory Map After New Command Patch 


Ultimate flexibility can be attained through a com- 
plete E°PROM design. It can also be shown that a 
minimal amount of E7PROM can add great flexibility 
to the system not only in terms of software alteration, 
but also in its intrinsic ability to store user alterable 
parameters such as configuration data. The actual 
ratio of EPROM to E*PROM must be determined 
based upon the systems’ requirements. The advan- 
tage of the “hybrid” approach is that it requires that 
only the ‘top level’ portion of the code be resident in 
E?PROM, and as such is usually limited to a series 
of procedure calls, which are very code efficient. 

In the cases where the software is to be updated 
remotely, perhaps through the use of a modem, 
certain factors must be considered. The key point is 
that while the processor is executing programs in the 
E*PROM, it is unadvisable to write into that particular 
device. The reason for this is that while the device is 
performing the write cycle, any reads, such an 
opcode fetch, will result in a high impedance bus. 


0008-2 


The important issue is that the download of the new 
code must not reside in the E7PROM to be modified. 

This can be accomplished in two different ways. 
The first implements the download program segment 
in the low level ROM or EPROM. In this case, the 
actual instructions will be present from the memory 
throughout the download sequence. Figure 4 shows 
such an approach where the download software is 
kept in the ROM. This routine writes the new bytes 
into the E7PROM and then enters a software loop to 
time out the E7PROM write cycle. 


E’PROM 


PROCEDURE TO BE 
MODIFIED 


ROM 
“DOWNLOAD” 
ROUTINE 
“TIMING” 
ROUTINE 


LOW 
LEVEL 
ROUTINES 


Figure 4: Memory Map-Download and Timing Resident in ROM 


In some applications, this method may not be 
adequate, especially if the actual download routine 
is to be modified. In these cases, this program 
segment must be stored in the E*7PROM, and hence, 
cannot be directly executed from the E*PROM to be 
modified. In this situation, a possible approach is to 
copy the download program segment from the 
E2PROM into RAM. The program then jumps to the 
RAM location, where the copy of the old code 
resides. This RAM routine loads the new program 
segment into the proper E*PROM locations, timing 
out the necessary E*°PROM write cycle. Once the 
download is complete, the program executing out of 
the RAM then jumps back to the main program, and 
the download routine section of the E°PROM will 
contain the new code. Figure 5 shows the various 
stages of this operation in terms of the contents of 
the various memories and the program execution 
flow. 
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RAM E’*PROM 


“DOWNLOAD” 
ROUTINE 


PROCEDURE TO BE 


SYSTEM STACK 
AND DATA STORAGE 
MODIFIED 


Figure 5a: Memory Map Prior to Download 


2 
RAM E*’PROM 
SYSTEM STACK “DOWNLOAD” 
AND DATA STORAGE ROUTINE 
“DOWNLOAD"™ “TIMING” 
ROUTINE ROUTINE 


Figure 5b: Memory Map Download Routine Transferred to RAM 


PROCEDURE TO BE 
MODIFIED 


E’PROM 


RAM 


SYSTEM STACK 
AND DATA STORAGE 


Figure 5c: Memory Map RAM Erased After Transfer Complete 


As one can see, the “hybrid” approach to software 
design, utilizing a combination of both E7PROMs and 
ROMs or EPROMs, can result in a system which 
exhibits the advantages of the field alterability of 
E°PROMs. As the cost of the development and 
maintenance of the system software becomes more 
dominant in the overall cost of the system, such 
methods as those presented in this brief will become 
more commonplace in system design. 
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“toy’—WHAT IS IT? 
By Richard Palm 


E2PROMs, RAMs and EPROMs all being memory 
devices have similar specifications. However, one of 
the specifications unique to E7PROMs is tpy (Data 
Valid Time). 

The E2PROM requires a relatively lengthy period 
of time to tunnel charge onto or off of the floating 
gate to complete the write cycle. This time is speci- 
fied as twc. In order to more closely emulate RAM 
write timing, Xicor introduced “‘self timed”’ write op- 
erations. Xicor E2PROMs latch the address on the 
falling edge of WE or CE, whichever occurs last, 
and latch data on the rising edge of WE or CE, 
whichever occurs first. The falling edge of the write 
operation not only latches the address of the byte 
(or page) to be written but also starts a number of 
internal timers that control the programming cycle. 


WE/CE 


INTERNAL 
I/O ENABLE 


In page mode, subsequent WE/CE falling edges will 
restart the timers. But it is these timers that require 
specifying tpy. 

In most microprocessor based systems, tpy can 
be ignored because twp will be less than tpy. How- 
ever, in applications employing slower microproces- 
sors and microcontrollers twp might be quite long. 
The actual internal programming cycle could begin 
before either CE or WE returned high, thereby miss- 
ing valid data even though tps was met. 

Once the internal timers initiate the programming 
cycle, the I/Os will be disabled. Therefore, valid 
data must be present on the bus before the I/Os 
are disabled. As an example, refer to Figure 1 illus- 
trating the sequence of events. 


— OY 


DATA x VALID DATA 


Figure 1: External/internal Timing 
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tpy Is the maximum time to elapse from the falling How does this impact your design? The following 
edge of WE or CE (whichever occurs first) before timing diagrams cover the three possibilities. Notice 
valid data have to be presented to the E2PROM. that in all the examples tpy must still be met. 


WE/CE 
DATA 
tos 
0060-2 
Example 1: /f twp is equal to or greater than twp min but less than tpy, then tpg and tp must be met. 
‘we > tov 
tw < tpv * tps 
WE/CE 
DATA 
tos 
0060-3 
Example 2. If twp is greater than tpy but less than tpy plus tps, then tps and tp4 must be met. 
‘wr > tov * tps 
WE/CE 
DATA 
0060-4 


Example 3: If twp is greater than tpy plus tpg, then tpy and tp; must be met. 


In summary, the data must be valid on the bus for Glossary 
the worst case timing parameters; whether that is 


tpy or tps and always valid for toy. tov Data Valid Time 
twc Write Cycle Time 
tps Data Setup 
twp WE Pulse Width 
tpoH Data Hold 
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Understand your application 
in choosing NOVRAM, EEPROM 


Richard Orlando, Xicor Inc., Milpitas, CA 


n EDN Magazine 
May 12, 1983 


Understand your application 
in choosing NOVRAM, EEPROM 


Examining how NOVRAMs and EEPROMsSs serve various applications illustrates 
the memory devices’ capabilities and simplifies device selection. 


Richard Orlando, Xicor Inc 


If your system design calls for electrically erasable 
nonvolatile data storage, you can simplify the selection 
of semiconductor memory for that task by choosing 
from among four basic types—NOVRAM, EEPROM, 
EAROM and battery-backed CMOS RAM. Assuming 
that you’ve examined the system-level tradeoffs among 
these memory types (EDN, April 14, pg 135) and have 
narrowed your choice to the first two, use the 
information presented here to understand the detailed 
tradeoffs and design considerations underlying 
NOVRAM and EEPROM use. In some application 
classes, either memory type functions adequately; in 
others, you have a clearcut choice. And in still others, 
consider taking advantage of both—an approach that 
often results in cost reductions and enhanced features. 


NOVRAMs use multiple technologies 


First, however, understand how each memory type 
works. Nonvolatile static RAM (NOVRAM) combines 
two memory technologies on one monolithic chip. In Fig 
1, the NOVRAM shown contains 1k bits of static RAM 
and 1k bits of electrically erasable PROM (EEPROM). 
The device comprises cells that in turn each contain one 
cell of each memory type, rather than housing two 
separate memory arrays (see box, “Anatomy of a 
NOVRAM cell”). 

In this NOVRAM, data gets read and written exactly 
as in a standard static RAM. In addition, the Store 
signal transfers each RAM cell’s data into a shadow- 
ing EEPROM cell; EEPROM-stored data gets reloaded 
into the RAM via the Recall signal. Note that the 
EEPROM-cell portion is accessible only through the 
RAM portion. 

One of this device type’s most powerful features is its 
ability to transfer the entire RAM contents into 


nonvolatile storage in one operation, initiated by 
bringing the TTL-compatible Store LOW. The opera- 
tion takes less than 10 msec, and once data is stored in 
this manner, only another store operation can alter 
it—even if the chip loses power. 

Generating Store in the event of a power failure 
therefore saves the RAM contents, subject only to 
power remaining on the chip for the next 10 msec. RAM 
data can also be changed without disturbing the 
shadowing EEPROM, allowing the system. to manipu- 
late two separate groups of data. 


EEPROMs offer greater density, fewer features 
EEPROM, your other major memory choice, resem- 
bles UV-erasable EPROM. Unlike EPROM, however, it 
can be written electrically in circuit; it needs no prior 
erasure by exposure to ultraviolet radiation. 
First-generation EEPROMs are merely electrically 


CONTROL 


ARRAY 
RECALL 


SHADOW 


| 
EEPROM . 
MEMORY ) 


Fig 1—Nonvolatile static RAM (NOVRAM) is organized so 
that each static-RAM bit is overlaid on a bit of nonvolatile 
electrically erasable PROM (EEPROM). 
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Careful analysis simplifies 
the EEPROM vs NOVRAM choice 


alterable ROMs (EAROMs). They’re reprogrammable 
only after an entire memory array (or at least one page) 
is electrically erased. Similarly, second-generation 
devices require erasure of individual bytes before 
programming. Third-generation EEPROMs, however, 
automatically and internally erase a to-be-written byte 
as part of the write cycle; they also contain much of the 
required voltage-generating and pulse-shaping func- 
tions on chip. 

Two examples of third-generation EEPROMs cur- 
rently in production are the Intel 2817 and the Seeq 
5213. The 2817 latches the data to be written and 
eliminates the need for prewrite erasure. However, it 
requires an external high-voltage supply as well as a 
timing capacitor for deriving internal timing signals. 


Anatomy of a NOVRAM cell 


TABLE 1—EEPROM/NOVRAM COMPARISONS 


NOVRAM 
(X2212) 


EEPROM 
(X2816A) 


Density (bits) 1024 
Price (1k level) $9.00 
Cost/bit $0.0088 


16,384 
$23.00 
$0.0014 


The 5213 generates the high voltage on chip but 

requires external latches that hold the data and address 

valid during erase and write operations. 
Fourth-generation EEPROMs are characterized by 


float. Because the combined ca- 


NOVRANM-cell operation depends 
on a phenomenon termed Fowler- 
Nordheim tunneling. In the 
NOVRAM, a layer of oxide iso- 
lates a gate from an underlying 
section of polysilicon. Applying a 
large positive voltage to this float- 
ing gate while holding the underly- 
ing polysilicon near ground pro- 
grams the gate. 

Specifically, electrons attracted 
to the floating gate’s significantly 
higher potential tunnel across the 
separating oxide. As a result, the 
floating gate acquires a net nega- 
tive charge from the tunneled 
electrons. 

The cell is erased in a similar 
manner: The floating gate is held 
at a low potential while the poten- 
tial of the top polysilicon layer is 
raised; the electrons then tunnel 
across the oxide from the floating 
gate to the neighboring polysilicon 
sandwich. 

The EEPROM technology em- 
ployed in Xicor's NOVRAM uses a 
3-layer polysilicon sandwich that, 
when coupled with a 6-transistor 
static-RAM cell, results in the 
NOVRAM circuit shown in Fig A. 
The state of the static-RAM cell 
determines whether the EEPROM 


cell is programmed or erased 
during a store cycle. 

Capacitance ratios are the key 
to the data transfer from RAM to 
EEPROM. If node N, is LOW, Q, 
is turned off, allowing the junction 
between capacitors C3; and C, to 


pacitance of C3; and C, is larger 
than Cp, the floating gate follows 
the Store-node voltage. When the 
voltage on the floating gate is 
sufficiently high, electrons tunnel 
from POLY, to POLY2, and the 


V 
WORD — 


—s Ci 
FLOATING 
GATE 


Fig A—A NOVRANM cell consists of two sections: a 6-transistor RAM and a shadowing 


2-transistor EEPROM. 


on-chip generation of all high-voltage and wave-shaping 
functions in addition to their use of on-chip latches and 
self-timing features. Their byte-write requirements are 
identical to those of static RAM except that the 
EEPROM write cycle, once initiated by normal static- 
RAM timings, takes as long as 10 msec. Once a 
byte-write operation begins, the EEPROM is self 
supporting, freeing the processor and all external 
circuitry for other tasks. Read timing to the EEPROM 
is identical to that of a standard EPROM, RAM or 
ROM. 

An important feature of a fourth-generation 
EEPROM is its compatibility with currently used 
RAM, EPROM and ROM. An EPROM- or ROM-based 
system needs only an additional Write Enable line to 


each socket to provide retrofitting for EEPROM. This 
control line allows the changing of data tables and 
program store without removing the component from 
the system, as required with EPROMs. 


Choosing between NOVRAM and EEPROMs 


Many application requirements can be satisfied by 
either of the two memory types. However, note that 
although NOVRAM is the most versatile in terms of 
features and capabilities, the price you pay for its 
greater intelligence is increased cell size. 

Specifically, a fourth-generation EEPROM’s cell is 
small and simple, allowing much higher density storage 
than in a NOVRAM. The EEPROM is also more 
efficient as memory-array area increases, thanks to the 


gate becomes 
charged. 

If node N, is HIGH, Q; turns on, 
grounding the junction between 
C3; and C,. C3, larger than Ce, 
holds the floating gate near 
ground when the Store node gets 
pulled HIGH. This action creates a 
sufficiently large field between 
POLY. and POLY; to tunnel elec- 
trons away from the floating gate, 
leaving it with a positive charge. 

The recall operation also de- 
pends on capacitance ratios. C, is 
larger than C,. When the cell 
receives the external Recall com- 
mand, the internal power supply 
(Vcca) first goes LOW to equalize 
the voltages on N, and Nz. When 
Veca iS allowed to rise, the node 
with the lighter capacitive load 
rises more rapidly. The flip flop’s 
gain causes the lightly loaded 
node to latch HIGH and the oppo- 
site side to latch LOW. If the 
floating gate has a positive 
charge, C2 is connected to N, 
through Q,, and Nz latches LOW. 
If the floating gate has a negative 
charge, Qs gets turned off and N, 
experiences the heavier loading. 

A major task in the development 
of the NOVRAM was to reduce the 


negatively 


ON-CHIP 


NONOVERLAPPING 
V CLOCK 
GENERATOR 


GENERATOR 


STORE 


32-STAGE CHARGE PUMP 


Fig B—A 32-stage charge pump internally generates a NOVRAM's high Store voltage, 
allowing the device's NOVRAM and EEPROM sections to operate from 5V. 


amplitude and simplify the wave- 
form of external voltages needed 
for programming or erasure. Earli- 
er devices required carefully 
shaped pulses with amplitudes 
exceeding 20V. 

The first step in the cell design 
was to reduce the internal voltage 
level presented to the cell to 
initiate electron tunneling. The 
voltage magnitude required for 
programming a floating gate is 
related to the intensity of the 
electric field generated at the 
oxide-polysilicon interface by that 
voltage. 

Electric-field strength at the ox- 
ide-polysilicon interface can be 
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increased by using an extremely 
thin oxide, on the order of 100A. A 
second technique uses textured 
polysilicon to locally enhance the 
field at the surface and achieve 
Fowler-Nordheim tunneling. It 
achieves better data retention. 

Once the internal voltage-level 
requirement was reduced, a key 
achievement in device design was 
the on-chip generation of the high- 
voltage pulses needed to program 
Or erase an individual cell. A 
Store-voltage generator (Fig B) 
provides the solution; it uses a 
32-stage capacitor/transistor 
charge pump. 


Each NOVRAM cell combines 
RAM and EEPROM 


TABLE 2—EEPROM/NOVRAM 
DATA-CAPTURE SPEEDS 


NOVRAM 
(X2212) 


EEPROM 
(X2816A) 


256 x 1 SEC 256 x 10 msec 
10 msec 0 
10.26 msec 2.56 sec 


Byte-Write Time 
Store Time 
Total Time 


decrease in the relative proportion of support-circuitry 
area required. Therefore, EK PROMs are more likely to 
be the device of choice if your application needs large 
amounts of memory. 

The larger cell size and more extensive on-chip 
support that gives NOVRAM its added capabilities also 
results in a higher cost per bit, which might not be 
justified in applications that don’t require all of a 
NOVRAM’s features. Consider, for example, the 
cost-per-bit comparison between the X2212 256 x4-bit 
NOVRAM and the X2816A 2kx8-bit EEPROM (Table 
1): NOVRAM cost per bit is more than six times 
greater than that of EEPROM. 

However, cost-per-bit ratios can be deceiving for 
systems requiring a minimum amount of nonvolatile 
memory. Lower density nonvolatile memories often are 
more cost effective in a NOVRAM configuration. The 
smallest NOVRAM currently available, the 64x4 
X2210, is also the least expensive 5V device. 

Another selection factor to consider is the required 
write time. An EEPROM requires a relatively long 
write time (10 msec/byte max), while NOVRAM write 


ADDRESS 
DECODE 


POWER FAIL 


ADDRESS 


POWER-ON RESET 


SYSTEM 
PL 


time is that of a typical static RAM. Therefore, 
NOVRAMs are more suited for applications requiring 
frequent memory-data changes, while EEPROMs most 
suit applications calling for infrequent memory writes. 

A NOVRAM is also better suited to data-capture 
applications. Table 2 compares two 2564-bit 
NOVRAMs organized in a byte-wide configuration with 
a 2kx8 EEPROM in terms of the time needed to store 
256 bytes of information. These times assume a 
l1-ywsec/byte max processor write-cycle time. You can 
see that the NOVRAM’s single-store operation makes it 
much faster. A NOVRAM system can update and store 
10,000 bytes of data in the time needed to store two 
bytes of EEPROM information. 

Another important NOVRAM feature is the device’s 
ability to initiate and complete a nonvolatile store of 
data under external-signal control. This feature can be 
a key decision criterion in real-time applications such as 
power-fail re-entrant systems. 


Both types serve power-fail-tolerant controllers 


As noted, however, many applications can profitably 
use either device type. One common application in this 
class centers on retaining important system informa- 
tion in the event of a power loss. In most systems, 
power failures require reinitialization of the entire 
system, necessitating the temporary loss of system 
operation. In real-time control applications, this loss of 
control can cause expensive and sometimes dangerous 
failures of the process or equipment being controlled. 

Such an application’s main requirement is therefore 
some type of nonvolatile storage upon power failure. A 
prime consideration in this type of environment is the 
storage of a fixed amount of data upon receipt of an 


GENERAL- 
PURPOSE 
1/0 


STORE 


256 x 4 
NOVRAM © 


RECALL 


NOVRAM 
RECALL 


Fig 2—In this controller, a NOVRAM retains the .P state in the event of a power failure. 
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Fig 3—A power-failure-tolerant controller's 6809-.P assembly-language routines handle both failure store and recovery. 
NOVRAM handles the stack and other temporary storage. 
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NOVRAM doubles as 
bootstrap and global memory 


external Power Fail signal. You can use an EEPROM 
for this purpose if the processor has sufficient time to 
recognize the power failure and respond by writing the 
data into memory. Otherwise, a NOVRAM is the 
device of choice because it captures data in one 
nonvolatile store operation. 

Fig 2 shows a simple controller that uses a NOVRAM 
to retain the state of a pP in the event of a power 
failure. The Power Fail signal generates a pP inter- 
rupt, and the NOVRAM stores the contents of all RAM 
including the pP stack. 

Upon interrupt acknowledgement, the »P registers 
are pushed onto the stack as program control branches 
to the interrupt routine (Fig 3). The routine writes the 
current stack pointer and a test byte to the NOVRAM, 
signifying that a power failure has occurred, and then 
generates a Store signal. The power supply is designed 
to ensure that the Vc level remains above 4.5V for 10 
msec after it generates the Power Fail signal. 

Once power is restored, the Power-On Reset signal 
generates a Recall signal to the NOVRAM. The 
power-on routine in the »P checks the state of the test 
byte to see if a process was interrupted by a power 
failure. If so, the stack pointer gets loaded with the 
address of the saved processor state, a return from 
interrupt is executed, and the process resumes. 


NOVRAM stores terminal configurations 

An application in which NOVRAM is the device of 
choice lies in the storage of terminal-configuration 
information, consisting of such parameters as baud 
rate, data format and parity method. The conventional 


SYSTEM 
MEMORY 


DATA 


ADDRESS 


CRT 
REFRESH 
RAM AND 


CONTROL 


approach to this task (Fig 4) stores data in DIP 
Switches on a pc board somewhere in the terminal; the 
user must have a terminal manual handy for decoding 
switch settings to change any of the preset features. 
One alternative uses menu-driven configuration 


modes to set the terminal and a NOVRAM to store the 


terminal-configuration parameters. The user can easily 
change the configuration information for specific tasks 
and retain this data until the terminal loses power. 

Upon power-up, a set of predefined default parame- 
ters stored in the NOVRAM’s EEPROM section goes to 
RAM, and the terminal is configured. The NOVRAM 
also allows the user to change default parameters for 
subsequent sessions by transferring the modified RAM 
data to EEPROM—in either a general or privileged 
user environment. The NOVRAM’s ability to manipu- 
late two sets of data proves important here because the 
terminal software operates on the data in the 
NOVRAM’s RAM section, regardless of whether the 
terminal is in the default configuration or a user- 
entered one. 

In Fig 4’s conventional approach, an 8-section DIP 
switch holds the configuration information. If a switch 
position is open, the pull-up resistor causes a ONE to 
appear at the buffer input; a closed switch denotes a 
ZERO. Decoding the buffer’s address and reading the 
data provides the switch information. If the system 
needs more than eight bits, the design requires 
additional switches, resistors, buffers and logic. 

If a block of memory addresses is reserved for 
configuration information, the granularity of the ad- 
dress decoding increases with the number of DIP 
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Fig 4—A conventional terminal contiguration uses an 8-section DIP switch to program the terminal's operating parameters. 
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In-system data modifications make 


EEPROMs more versatile than EPROMs 


switches required. And you can change the default data 
only by altering individual switch positions. 

The NOVRAM implementation of this system (Fig 5) 
permits the storage of 1k bits of configuration informa- 
tion in one 18-pin X2212. If you reserve an 8k 
memory-address block for configuration storage, the 
NOVRAM requires only a single chip-select decode. 
The only restriction in this arrangement is that four 
parameter bits get read simultaneously, rather than 
eight. Note that storing the same amount of informa- 
tion using the conventional approach calls for 128 DIP 
switches and octal buffers, 1024 resistors and sufficient 
address decoding to provide 128 separate locations 
within the 8k field—an address granularity of 64. 

A terminal user employs the keyboard to enter 
operational parameters into the NOVRAM. The user 
enters a configuration mode when the terminal is in the 
off-line or local mode. A menu display shows the 
current terminal configuration; the user moves the 
cursor and/or strikes a control key to alter the current 
values. Once the configuration is established, the user 
exits the configuration mode, and the terminal operates 
according to the new parameters. The user can also 
change the default parameters by entering a control 
signal that places the new configuration mode in the 
NOVRAM’s EEPROM section. 

In this application, very few terminals would ever 
require the NOVRAM’s full storage capacity for 
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Fig 5—Replacing a DIP switch with a NOVRAM results in 
greater versatility for programming terminal operating parameters. 


configuration information. You could therefore employ 
the unused portion to store other operational and 
maintenance parameters. 


NOVRAM loader provides reusable memory 


A system that employs a bootstrap loader during 
initialization is another prime NOVRAM application 
candidate. Examples of such applications include sin- 
gle-chip «Cs operating in external-memory modes and 
full-blown systems requiring the maximum allowable 
memory space. A common approach to this require- 
ment stores the bootstrap program in ROM or EPROM. 
However, the program occupies memory space that 
might be used for other purposes during system 
operation. Because most initialization routines use a 
relatively small amount of memory space, this approach 
can be particularly wasteful in space-limited systems. 

As an alternative, you can preprogram the bootstrap 
into the EEPROM section of a NOVRAM. Upon reset, 
the system generates a Recall signal to the NOVRAM, 
loading the bootstrap into RAM. The bootstrap pro- 
gram executes, and the NOVRAM RAM section then 
becomes free for other uses. This design feature even 
allows bootstrap-program alteration via external con- 
trol for servicing or software updates. 

Fig 6 shows a simple disk-oriented system that uses 
NOVRAM as a bootstrap memory. After booting, the 
NOVRAM becomes a global RAM. The device—and 
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Fig 6—This disk-oriented system uses two NOVRAMs as 
bootstrap memory. Once loading is complete, the NOVRAM 
functions as global RAM. 
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Fig 7—A 6502-.P assembly-language boot routine is located temporarily in NOVRAM, which forms the highest 256 bytes of 
memory in this system. 


9-57 


Use EEPROM if data changes 
are byte size and infrequent 


hence the bootstrap routine—is in the highest memory 
segment so it can hold all the interrupt vectors. »Ps 
such as the 6502 and 6800 use these locations for reset 
and interrupt pointers. 

In the bootstrap program (Fig 7), the reset vector 
for the 6502 pP points to the boot routine. Fig 6’s two 
NOVRAMSs reside in the highest 256 bytes of the 
address map. Upon power-up, the NOVRAM’s 
EEPROM section gets loaded into the device’s RAM 
section. The wP then initializes the stack pointer, and 
the DMA controller begins a data transfer from the 
disk. A test byte gets set to show that a boot process is 
under way. 

Once the DMA transfer begins, the »P loops until an 
interrupt signifies that the operation is complete. The 
uP vectors to the interrupt-handling routine, which 
determines if a valid DMA has occurred. If an error has 
occurred, the program causes a jump to location 
Program, where the first byte of the loaded program 
resides. The NOVRAM RAM is then free for general 
use. Note that you must take care not to accidentally 
overwrite the interrupt and reset vectors, located in 
the highest memory locations. 


EEPROM stores controller parameters 


Turn now to some applications in which an EEK PROM 
is the device of choice. One such task is the storage of 
coefficients in PID (proportional integral-differential) 
controllers. 

Modern control applications such as the PID algo- 
rithm are characterized by two basic qualities. First, 
they are computationally intense. Second, their ability 
to precisely control a set condition is based on their 
knowledge of the effects of their outputs. This knowl- 
edye results from deriving the various controller 
coefitcients via calculations: Each controller output 
must be calculated with reference to the previously 
defined term. 

If a PID system loses power, it must resynthesize all 
data before it approaches the level of performance 
exhibited before the power loss. The data tables for 
each control task are fairly large and require a 
substantial amount of memory. Therefore, a controller 
might use EEPROM for algorithm-coefficient storage. 

Note also that most PID-controller deviations result 
from the sensitivity of the system’s sensors as well as 
the response time and accuracy of the control outputs. 
These variables might change in a particular unit but 
are usually the same when power returns to the 
controller; they need only be updated occasionally as 
the system runs. An EEPROM’s slow write time and 
fast read time make it ideally suited for this infrequent- 
write application. 

Finally, note that parameters stored in EEPROM are 
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ADDRESS 


Fig 8—A self-learning video game uses EEPROM fo 
change difficulty levels after play is completed. 


available to the system whenever it’s running— 
whether programmed into the system during initializa- 
tion or resulting from previous system operation. An 
EEPROM implementation of such a system thus results 
in shorter system-interrupt recovery time as well as 
self-recalibration upon component replacement. 


Self-learning video games use EEPROMs 


Another potential EEPROM application centers on 
the storage of self-teaching or self-modifying code, 
through which a process or algorithm can tailor itself 
based on the results of previous executions. Such 
applications are characterized by updates to program 
storage, which usually occur relatively infrequently. 
This high read-to-write ratio of memory access, as well 
as the densities required in the program store. 
generally dictate an EEPROM implementation. 

An example of this application category is a self- 
learning video game (Fig 8). Such a game’s success 
depends largely on its ability to keep a _ player 
interested by continually increasing the level of chal- 
lenge after repeated plays. 

At the end of a certain period (Fig 9), the game 
analyzes the scores and modifies its program (including 
timing loops and difficulty factors) to present a more 
complex play to the next group of players. The learning 
algorithm also makes the game easier to play under 


certain conditions, preventing unwarranted increases make the game progressively more difficult to play. 
in difficulty. These routines get bypassed in the initial program 
The initial game code includes several routines that execution by always-executable branch instructions. At 
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Fig 9—Written in 6809-1P assembly language, this self-learning video-game program changes branch instructions based on 
previously obtained scores. 
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EEPROM and NOVRAM 
could team up in some cases 


the end of each play, the system determines from the 
score whether to make the algorithm more difficult. If 
so, it eliminates some of the branches around difficult 
parts of the game software. A simple table stores all of 
these branches. Other features, including speed param- 
eters and energy levels, can also be stored to make the 
game more difficult as scores improve. Storing them in 
EEPROM provides the additional advantage of easy 
updates and changes in the basic table. 


EEPROM and NOVRAM team up 


As a final example, consider how you might combine 
EEPROM and NOVRAM in an automobile navigational 
system that could direct a driver to a location within a 
specific city or area. Proponents of this approach 
envision beacons located throughout an area, notifying 
each in-car computer of the car’s current location. 
Provided with this information, a local electronic map 
and the desired destination, the computer would direct 
the driver along the most efficient route. 

Data-storage requirements would be extensive, im- 
plying the use of EEPROM. After all, the system must 
not only be programmed with a map of the area roads 
but must also be able to select between many possible 
alternatives based upon continuously changing factors 
such as time of day and known construction areas. 
Using EEPROM would allow the car’s driver to load the 
navigational computer upon entering a location such as 
a filling station. 

A NOVRAM would also prove critical to this 
application. It would contain rapidly changing current 
information, which would get transferred to the 
NOVRAM’s EEPROM section upon reaching a destina- 
tion. The approach allows power removal from the 
system while the car is parked, eliminating battery 
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drain. Restarting the vehicle would transfer the 
current data from the NOVRAM’s EEPROM section 
back to its RAM section. 

Fig 10 shows how the hardware could be implement- 
ed. Map information, stored in EEPROM, gets changed 
as necessary via the map-download controller, a serial 
interface over which the data is transmitted. The 
transmission rate is low because the map data is 
written into EEPROM, which specs a slow write cycle. 

The system has two main interfaces—to the driver 
and to the vehicle. The former consists of a keyboard 
for input and a CRT for display of the map and other 
information. The latter receives data such as mileage 
and speed so that the system can monitor the driver’s 
progress along a given route. EDN 
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Fig 10—A hypothetical automobile navigational system uses EEPROM to store extensive map information and NOVRAM to 


handle rapidly changing current-location information. 
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ELECTRONICS IN DESIGN 


Non-volatile memories 
keep appliances 
out of the dark 


Richard Orlando, Xicor Inc., Milpitas, CA 


Appliance design has undergone a 
revolution in recent years. The 
advent of the low-cost, single-chip 
microcomputer has opened many 
applications for these small comput- 
ers in the appliance market. Initial 
applications were based upon new 
types of appliances where digital 
control was a necessity. Today one 
sees even the venerable “white 
goods” using single-chip microcom- 
puters to add features and capabili- 
ties to the end products. With this 
migration to digital control, a need 
for non-volatile memory has devel- 
oped, and many new non-volatile 
memory devices have been made 
available to the designer. 
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Appliance control applications 
have gone through an orderly 
evolution. The design methods of 
the past used electromechanical 
devices, such as switches, relays, 
mechanical timers and, of course, 
wafer switches. The requirements of 
older appliances could be easily 
satisfied by these devices. Washing 
machines, for example, using multi- 
plane wafer switches driven by a 
simple timer could initiate, time and 
terminate the different cycles of the 
laundry washing process. And the 
electronic range allowed simple 
electromechanical timing of a cook- 
ing cycle. 

Since the appliance industry has 
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been subject to the whims and 
attitudes of the consumer, the 
desired capabilities of appliances 
have grown as a function of added 
features. A simple example is the 
evolution of the home stove control- 
ler: first, accurate control over 
cooking temperature, then the 
ability to turn off the oven after a 
programmed time, and, finally, the 
complete programmable oven ‘that 
not only turns itself off after a 
programmed time has elapsed, but 
also initiates the cooking cycle at a 
certain time of day. 

The increased capabilities of the 
appliances coupled with the availa- 
bility of low-cost, single-chip micro- 
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computers has led to the final step in 
the evolution, that of full digital 
control. The use of the microcom- 
puter as a control mechanism allows 
the designer increased flexibility, 
reliability and precision in the 
control process, not easily attainable 
with the older design methods. 
Decreased development costs are 
also possible since a flexible digital 
controller can be used in a variety of 
different products, or models of the 
same product. 

Microcomputer designs were not 
free of their own unique problems, 
however. The microcomputer inter- 
face required to perform the actual 
control functions was somewhat 
complex. New issues had to be 
addressed in terms of product 
reliability, since the semiconductor 
devices introduced different failure 
modes than those exhibited by 
electromechanical devices. The mi- 
crocomputer also had a major 
disadvantage over prior design 
techniques due to its inherent 
volatile nature: when the power was 
removed from the appliance, the 
microcomputer not only stopped 
functioning, it lost any data it had 
maintained based upon the current 
state of the system. 

One advantage that the older 
electromechanical timers possessed 
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was that if the power went off to the 
appliance, the control system would 
maintain the state it was in when the 
power was interrupted. When the 
power was restored to the appliance, 
it would continue from where it left 
off. One can easily appreciate the 
irritation of a homemaker who, 
having left a roast in the oven, 
returns from errands to find that it 
had not resumed cooking after a 
blackout. 

Emergence of non-volatility 

With many appliance designs, 
there is a definite need to prevent 
such untoward situations. Some type 
of non-volatility is a necessity in 
appliance design. Since the cost of 
the appliance is a great concern, this 
non-volatility must be cost-effective. 
One of the earlier approaches was 
that of battery backup on the 
microcomputer itself, or on a 
separate CMOS memory in the 
system. The disadvantages of this 
approach are based simply on the 
limitations of batteries and the cost 
of implementation. Unfortunately, 
there were not many alternatives 
until now. 

The past five years have seen a 
remarkable evolution in the emer- 
gence of semiconductor non-volatile 
memories. Unlike the battery back- 
up of the data in either on-board or 
external RAM, these devices were 
able to retain data without the 
external power, in a manner similar 
to that of an EPROM. The main 
difference between these devices and 
the EPROM was their ability to be 
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“rewritter in-circuit, as opposed to 
being removed from the circuit, 
erased, and then “reprogrammed”’ 
before they were put back into the 
circuit. 

Unfortunately, these early devices 
were expensive and difficult to use. 
They required multiple “program- 
ming” voltages, extensive support 
circuitry, and were quite unreliable. 
These devices, for the most part, 
were organized for microprocessor 
“bus” applications, and as_ such 
required too many Vo lines for 
efficient interfacing to single-chip 
microcomputers, where i/o lines are 
a precious commodity. 

The development of 5v floating- 
gate, NMOS non-volatile memories 
eliminated many of the disadvantag- 
es of semiconductor non-volatile 
devices. These devices not only 
decreased the support circuitry 
required for their use, but increased 
the reliability of the devices. 
Unfortunately, these devices were 
also designed for ‘‘bus”’ applications 
and were relatively expensive due to 
their large densities (>1k bits). A 
need was recognized in the appliance 
and other industries for an inexpen- 
sive and reliable non-volatile memo- 
ry designed exclusively for interfac- 
ing to single-chip microcomputers. 

The Xicor X2444 answers this need. 
The device is a low-cost 16 x 16 
non-volatile static RAM (NOVRAM for 
short) which features serial interface 
designed for interfacing to a 
single-chip microcomputer with a 
minimum requirement for both i/o 
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lines and software. Housed in an 
eight-pin mini-pip, the X2444 pro- 
vides inexpensive non-volatile data 
storage for both operational and 
configuration parameters. Its low 
cost (less than $4.00 in unit 
quantities) makes it the least 
expensive non-volatile storage on the 
market, even rivalling the pip switch 
in unit cost, while providing the 
equivalent of 32 pip switches in terms 
of data capacity. 

The NOVRAM concept 

The NOvRAM idea is not new. Xicor 
invented this type of memory more 
than three years ago. The concept is 
quite simple. Figure 1 shows a block 
diagram of the X2444. It consists of a 
256-bit (16 x 16) static RAM with a 
256-bit 5v E’PROM array overlaid bit 
for bit in a “shadow” type manner. 
Two signals, STORE and RECALL, 
control the transfer of data between 
the E’PROM array and the static RAM. 
The store function replicates the 
data which is currently in the RAM 
into the non-volatile E’PROM array. In 
a similar manner, the RECALL 
function transfers the non-volatile 
data in the E’PROM array into the RAM. 
One can see that by simply 
performing a STORE during power 
failure, the data is then retained in 
the non-volatile E’°PROM , and can be 
restored to the RAM using the RECALL 
once power is returned to the 
system. 

The X2444’s serial interface method 
is ideal for microcomputer applica- 
tions. Figure 2 shows the pinout and 
signal designation for the X2444. The 
four-line serial interface consists of a 
Chip Select (cs), a Serial Clock (sc), 
a Data In (p1) line, and a Data Out 
(Do) line. The Data In and Data Out 
timings are designed to allow the 
implementation of a single Serial 
Data line by typing both Data In and 
Data Out to a single r/o line from the 
microcomputer, reducing the Vo 
lines to three. All data transfer to 
and from the X2444 are performed 
over this serial interface by either 
synchronous 8-bit instructions or 
16-bit data operations. The X2444 has 
two external pins, STORE and RECALL, 
for performing the non-volatile 


operations via hardware control in 
the event of power failure. The X2444 
also includes distinct STORE and 
RECALL instructions over the serial 
interface to allow only software 
control over the non-volatile opera- 
tions. 

The serial interface is accom- 
plished using discrete “‘bit-banging”’ 
from the single-chip micro. An 
instruction is performed by loading 
an accumulator with the proper bit 
pattern, and shifting it out through 
an W/o line while toggling the serial 
clock low and then high again 
between each bit. 

The software for this interface is 
simple, and an example of a 6801 
implementation is shown in Figure 3. 
The software assumes that the x2444 
is connected to bits 0, 1, 2 and 3 of 
the 6801 Vo Port 1. The interconnect 
between the 6801 and the X2444 is 
shown in Figure 4. The three main 
parts of the software segment are 
three subroutines, SHIFTIN, SHIFTOUT 
and DRIVE. The SHIFTOUT routine 
takes the eight bits of data in the A 
accumulator, and shifts it out 
through Bit 1 of Port 1. Between 
each data bit output the clock is 
toggled. This routine is used for 
either instruction or data output to 
the X2444. 

The SHIFTIN subroutine gives the 
X2444 eight clock cycles, and shifts 
the data from the X2444 into the A 
accumulator. This routine is used 
only in the READ instruction. The 
DRIVE subroutine actually provides 
the driver to interpret the desired 
Operation and issue the proper 
sequence of commands to the X2444. 
It should be noted that this sample 
interface uses the  software- 
controled STORE and RECALL com- 
mands and leaves the X2444 STORE 
and RECALL inputs tied to Vcc. 

E.g. . . . microwave oven controller 

One of the newest appliances in 
the consumer environment is the 
microwave oven. This also proves to 
be an ideal example for the 
application of a non-volatile memo- 
ry. 

The microwave oven started with 
a control mechanism which was no 
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more than the simple electrome- 
chanical timer borrowed from elec- 
tric ranges. Since the microwave 
oven cooks in times which are 
orders-of-magnitude faster than a 
conventional stove, it became appar- 
ent that an accurate and precise 
control mechanism was needed. The 
microwave was one of the first 
appliances to embrace full digital 
control using a single-chip micro- 
computer. 

Figure 5 shows a typical micro- 
wave oven control system based 
upon the 6801 microcomputer. The 
user interface includes a keyboard, 
alarm and display, while the oven 
interface includes the magnetron 
control, door interlock, and an 
optional temperature probe. Non- 
volatile memory has been added to 
the system design through the use of 
an X2444. The interface method to 
the 6801 and the driving software are 
similar to that above. The key 
difference to note is the addition of 
an external signal to drive the STORE 
input. This allows the controller to 
automatically store the data in the 
RAM into the EPROM upon Power- 
Failure. The circuitry in the power 
supply senses a loss of power by 
monitoring either the ac or unregu- 
lated dc levels. Once a power failure 
has been detected, the power supply 
circuitry pulls the STORE input low. 
The power supply circuitry need only 
ensure that Vcc is held valid to the 
X2444 for 10 msec, and all of the data 
in the RAM will be stored into the 
E°PROM array. Upon Power-on- 
Reset, the 6801 issues a RECALL 
command to the X2444, and all of the 
data is restored. 

The remainder of the microwave 
control circuitry is fairly standard. A 
4 x 4 keyboard provides an input 
mechanism for the user, while the 
status indicators and display provide 
visual feedback. A two-line magne- 
tron control allows the use of 
variable power levels in the cooking 
process. Timing is performed using 
the 6801’s internal 16-bit timer which 
is driven off the 60-Hz reference 
from the power supply. Standard 
features include a safety door 
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interlock and alarm. Optional fea- 
tures are provisions for a tempera- 
ture probe for magnetron control or 
temperature-based cooking algo- 
rithms. The a-d converter used for 
temperature sensing has a serial 
interface similar to that of the X2444, 
and is placed on the same serial bus. 
Distinct chip selects enable the X2444 
or the a-d converter to be accessed. 
Many such devices are currently on 
the market including the new 
TLCS540 from Texas Instruments. 
The X2444’s non-volatile memory 
serves many functions in this 
application. Frequently used recipes 
or cooking sequences can be stored 
so that the microwave will sequence 
through a complex cooking algo- 
rithm automatically. The X2444’s 
ability to store the data currently in 
the RAM into the E’PROM is very useful 
here. As the cooking process takes 
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TEMPERATURE 
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place, the 6801 keeps a copy of the 
preset time and power setting in the 
X2444’s RAM. As cooking time 
elapses, a location in the X2444 is 
updated to show the elapsed time. In 
the event of a power failure, the 
current values of these variables are 
automatically stored into the E°PROM 
section of the X2444. Once power is 
restored to the microwave, the data 
in the E’pRoM is loaded into the RAM 
section of the X2444, and cooking 
continues from where it was 
interrupted. Intelligence can be 
added to the control algorithm to 
compensate for the continued cook- 
ing (due to retained heat) that occurs 
after the power outage. 

The X2444’s unique NOVRAM archi- 
tecture makes such an application 
feasible. Since current E°PROM tech- 
nology has limitations on the number 
of times that the non-volatile data 
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can ve changed, one would not want 
to change the contents of the E’°PROM 
each time the timer was _incre- 
mented. If one were to use a typical 
E’PROM with a write limitation of 
10,000 writes, the device would be 
worn out in a relatively short period 
of time at a write rate of one per 
second. Instead, the X2444 allows the 
system to update the E’PRoM section 
of the chip only in the event of a 
power failure while using the 
unlimited RAM write capability of the 
X2444 every time the counter value 
changes. 

The X2444’s can also be used for a 
variety of other purposes in micro- 
wave design. As was mentioned 
earlier, one can save development 
time and money if a_ universal 
controller is designed. Many differ- 
ent models could use the same 
controller simply by adding circuitry 
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PAGE.- 1 x 2444 DRIVER PROGRAM FOR 6801 : 

Files X2444 CODE AS OF AUGUST 22,» 1983 Minimal Driver for X2444, 6801 Version 3.6 

OdC0) TITLE "Xe444 DRIVER PROGRAM FOR 6861" 

0600; -ABSOLUTE 

2 blecks for procedure code 7440 words left 

0000: _ aPROC X2444 

Current memory available: FIVE 

o000; “ORG 1O00H 

LO00% Bape tnhenhicbc Solon ighunoabes ta ecigntanSeb long leecbuptasipteratele Coen tpnoniebetesla cloves ast bestebavasbilasag usec sagcbgiad ake otitis 
100063 5 4801 XZ2444 DRIVER 

1000! $ ASSUME THAT PORTI IS USED AS THE 2444 INTERFACE 

1000; ; _PORTI'S REGISTERS ARE LOCATED AS FOLLOWS 

1000; > DATA DIRECTION HEX 0000 

1000: ; FORT HEX 000% 

1000; ; FORT 1 X2444 

1900: $ I/O 6 SERTAL CLOCK : SERTAL CLOCK 

10060 ; I/0 4 SERIAL. OUT SERTAL IN 

1060; $ £70 2 SERIAL. IN SERIAL OUT 

1000; > L/O 3 2444 SELECT CHIEF SELECT 

1000; r) 

10001 ; COMMANDS ARE FASSED TO THE X2444 ROUTINE EY A FARAMETER IN THE 

106001 ; @& ACCUMULATOR» WHILE THE ADDRESS IF NEEDED IS PASSED ON THE STACK 
1000! > SERTAL DATA IN OR OUT USES THE TEMPORARY LOCATION TEMP i, 

LO00t > WHICH IS A SIXTEEN GIT WORSD. THE X2444 COMMANDS ARE ENCRYFTED AS 
LOOO0; ; FOLLOWS. 

1000; 3 COMMAND CODE INSTRUCTION OF CODE 

10001 ; 0 READ LAAAALLX 

1000; $ i WRITE - LAAAADLLI 

1000: $ 2 RESET WRITE ENABLE 11111000 

1000: 3 3 STORE 11111001 

1000; ; 4 SLEEF LIL1L1L1 010 

1000; > o SET WRITE IENABLE LL111100 

1000; ; & RECALL L1121101 

1000; $ “i"s ARE USED INSTEAD OF DON'T CARE TO DISTINGUISH BETWEEN DATA AND 

10003 + WON DATA OPERATIONS. 

1000: 3 YK WK KW K  KDKIK WR KDK DKDK KK DK OK OK OK DK BK IK 9K DK DK 9K DK DK DK 2 BIC 20 SK 2 0 2D DAC 2K DAC DK 9G 8038906300383 DDK CDK EDK CICK OK OK 
1000; 0000 DITREC TION 1 eEQU 00. 

1000: 0002 FORT 1. eEQU 02. 

1000; 0080 TEMF 1 «EE QU 080H 7KAM STORAGE FOR DATA 

1000: 0082 COUNT »-EQU 082H SCOUNTER VARIABLE : f 
1000! 0984 DATUM eEQU 084H DATA STORAGE 
1000: 9086 ADDRESS ' .¢ERQU 086H sADDRESS STORAGE 

1000; 0088 ERRORDATA eEQU 088H sERROR DATA 

10001 JOROROOKOOROIOK KOK OKOOROOKOIOK OK KOOKOIOIOROKOIOKOKOROKOKOROK ROK IOK KOK OKOFOIOKOIO KOKORO FORO KIO KOKORO OIOICOIOR DK OK IC OOK KK 
L000; ; FROCEDURE INTT 

190003 $ THIS FROCEDURE INITIALIZES THE X2444 INTERFACE 

10003 > ST COCIOCOOIOKCIORIOK ICICI IRC ICO KOR 
1000! 86 1& : : _ INIT LDAA #16H + BeLOlis I70 Ori AND 3 OUTPUTS» 2 INPUT 
1002: 97 00 STAA DIRECTION? > WRITE TO DATA DIRECTION REGISTER 

1004: 4F CLLRA SET CE TO OCINACTIVE) » DOUT AND SK TO 0 
1005: 97 02 STAA FORT. SAND STORE IN DATA FORT 

1007: 39 RTS $ 

1908); 

1008} : 7 SELES ee ee mee ae ee eee 
1008): $ SHIFTER ROUTINE SHIFT 1 

LOO8: + THIS ROUTINE TAKES THE DATA IN THE A ACCUMULATOR AND CLOCKS IT MOST 

1008: + SIGNIFICANT BIT FIRST INTO THE X2444. THE FLOW ITS SHIFT A BIT, TOGGLE 
1008: * THE SERIAL OQUTPUT<( 6801) ACCORDING TO STATE» AND TOGGLE SERIAL CLOCK 

1008 Sten eee an rat a at at nace 
FAGE - 2 X2Z444 X2444 DRIVER FROGRAM FOR 4801 

Filet? X2444 CODE AS OF AUGUST 22» 1983 Minimal Driver for X2444» 6801 Version 3.0 

L008: C4é 08 SHIF TOUT L.DAE #08, sLOAD THE EIT COUNT WITH 8 

100A: D7 82 STAB COUNT sSTORE IN COUNTER 

1G60Et 49 SHIF TL ROLA *SHIFT BIT INTO CARRY BIT ~ 
3800) C6.14.. - LDAE - $14H s;WE SET DATA OUT TO ZERO, WHILE SETTING CHIF 
LOOF: ENABLE. SERIAL CLOCK TS LOW. 

LOOF: 24 «mx BCC TRANS sIF BIT IS A ZERO» THEN TRANSMIT 

L011: CA 02 ORAE: #02H IF TT TS A ONE» THEN SET DATA Quit 

1013!) D7 O02 : TRANS STARE. PORTA : sSTORE THE DATA INTO THE PORT 

1025: CA O01 ORAG #01H SAND SET THE CLOCK FOR A TRANSITION 

1017; D7 02 STAR =. PORTL -$BY WRITING A 1 TO SERIAL mais 

1019; C4 1A : ANDE: #1AH ;KEEF THE DATA VALID, BUT S SK TO ZERO 
LOE! D7 02 STAE FORT 1 SAND STORE IN THE FORT 

101D: Cé 14 1... AES #:144H >TOCGCLE CLOCK DOWNy SET DOUT TO O» BUT KEEF 
1O1Fi D7 02 STAE FPORTL 3X2444 SELECTED 

1021: 7A 0082 DEC COUNT + DECREMENT THE EIT COUNTER 

1024: 24 E46 BNE SHIFT. sIF COUNT IS NOT ZERO» TRANSMIT NEXT BIT 
1026: 49 ROLA 7ONE MORE ROTATE TO FRESERVE INSTRUCTION 
1027: 39 RTS sRIEETURN FROM SUBROUTINE 

1028: ssa ta iets alee ise tapes eseted i gslesannaiilecteaninsiialasesaln ebgagablati 
10284 > SHIFTIN ROUTINE 

1028: 2 TUTS GURROUTINE SHIFTS IN 8 EXITS OF DATA INTO THE A ACCUMULATOR FROM THE 
10283 “-*8 TO ENTER WITH THE CLOCK 4m 


SUITE T TT rare 
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external to the 6801 microcomputer. 
Configuration information can be 
stored in the X2444 at time of 
manufacture which the 6801 can then 
determine upon Power-on-Reset to 
control the features and functions of 
its particular microwave. Additional 
X2444s can be added on the serial bus 
as user or model options. These 
optional X2444s require only an 
additional chip select, and can be 
used for such features as increased 
recipe storage or operational modes. 
The X2444’s non-volatile memory 
also can be used for calibrating the 
temperature probe and storing the 
response time of the magnetron to 
allow quick calibrations or more 
complex and precise temperature- 
control algorithms. 


General applications 

There are many other areas in the 
appliance field which are natural 
applications for the X2444. Since most 
electronic appliance controllers uti- 
lize the single-chip microcomputer, 
the X2444’s serial bus is the ideal 
solution their non-volatile storage 
needs. 

‘‘User-programmable”’ parameters 
such as tavorite stations, cooking 
algorithms or preset time-of-day 
events all make the appliances more 
“user-friendly” especially if these 
parameters are retained in the event 
of power loss. System configuration 
parameters can be stored in the x2444 
to allow the design of appliances in a 
modular fashion, substantially re- 
ducing development costs while 


increasing the reliability of each new 
product. System status saved in the 
X2444 in the event of a power failure 
is restored upon Power-On so that 
the system can complete interrupted 
tasks as well as ensure that the 
appliance is left in a safe and stable 
State. 

The availability of the new 5V 
non-volatile memories allows the 
appliance designer to add more 
features and capabilities for a 
minimum cost. Whether it be used 
for power-failure data storage, or as 
user set-up information, the X2444 
will make appliance designs less 
complex, more cost-effective, more 
fault-tolerant, and easier to use. [] 


Reprinted from DESIGN NEWS, October 1983 
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SYSTEM DESIGN / (200K SYSTEMS 


NONVOLATILE MEMORY 
GIVES NEW LIFE 


TO OLD DESIGNS 


Terminals and other equipment can be made more flexible, 
and product life can be extended by upgrading and 
customizing with NOVRAMs and EEPROMs. 


by Richard Orlando, Xicor, Inc., Milpitas, Calif. 


The recent appearance of low cost, 5-V nonvolatile 
memories has led to design applications that can be 
broken into two distinct classes. One class uses non- 
volatile memory to store such data as configuration 
or calibration parameters. This information can be 
updated and then stored in the device for access on 
power-up. The second application uses nonvolatile 
memory for program storage. Here, the nonvola- 
tile memory’s main advantage is that content can 
be updated or changed remotely, rather than by 
device replacement. 

Unfortunately, many end products completed 
prior to the availability of these devices are threat- 
ened by newer designs. The latter take advantage of 
the added flexibility and features afforded by non- 
volatile memory. There are, however, ways to add 
nonvolatile memory to existing designs without a 
major redesign. 

For example, consider the schematic of an intel- 
ligent terminal design, which will be used to illus- 
trate methods that improve the flexibility of almost 
any microprocessor-based design (Fig 1). Here, the 
6800 processor is the source of the ‘‘intelligence’’ in 


Richard Orlando is product marketing manager at Xicor, 
851 Buckeye Ct, Milpitas, CA 95035. He holds a Bs in 
computer systems engineering from the University of 
Massachusetts at Amherst. 


the design. The serial communication channel is 
through a 6551 asynchronous communication inter- 
face adapter (ACIA), which features an onchip baud 
rate generator. A 2716 erasable PROM is the program 
store for the 6800, and the two 2114 RAMs provide 
1 Kbyte each of buffer, stack, and parameter 
storage. The keyboard is an ASClI-encoded type 
whose inputs are fed through one port of a 6821 
peripheral interface adapter (PIA). The other port 
of the 6821 receives the dual inline package (DIP) 
switch settings for such user-defined operational 
parameters as baud rate, parity, and protocol 
selections. 

Video control is provided by a 68045 (or 6845) CRT 
controller. The display RAM interface is set up as 
a tightly coupled, shared RAM interface. The timing 
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The original terminal design has dual inline package (DIP) switch settings that must be read by the processor. 


They are then parsed to determine setup parameters invoked from the terminal program contained in the EPROM. 


is such that the CRT controller only accesses the data 
in the display RAM during the bus ‘‘dead’’ time of 
the 6800. This allows the processor to access the data 
in the display RAM at any time, regardless of the 
state of the CRT controller. The CRT controller can 
access the RAM transparent to the processor, and 
thus can relieve the processor of any access arbitra- 
tion tasks. 


Improving the design 

Although the design serves its initial purpose, 
several areas, which will make it more flexible and 
possibly extend the life of the product, can be 
improved. Intended for use in a variety of applica- 
tions, the original design relies primarily on software 
for its characteristics and ‘‘feature set.’’ Simple 
changes to the erasable PROM containing the 6800’s 
software allow such terminal ‘‘customization.’’ This 
approach is adequate when end-user needs are 
known prior to manufacture. However, if a user 
wants to upgrade an existing terminal, someone must 
perform a costly EPROM change in the field. The 
Same penalty applies to the manufacturer who wishes 
to ‘‘upgrade’’ the software of the existing units in 
the field, in order to increase performance or to 
eliminate possible errors. 

The second area in need of improvement is the 
DIP switch used for the input of user-definable 
parameters. It creates many manufacturing 
problems, since most DIP switches cannot be 


handled by automated assembly equipment, such as 
insertion machines and wave solderers. Additionally, 
because someone must manually toggle the switch 
through a sequence of positions in order to fully test 
the boards, DIP switches slow down automated 
board testing. Also, to change parameters, a DIP 
switch requires the terminal user to remove an access 
panel and manipulate switch toggles while referring 
to a manual. As the range of user-definable 
parameters expands to include such features as emu- 
lation modes, the problem becomes even more 
awkward. 

In the example terminal, added features and 
enhancements can be made in two ways. The first 
involves replacing the DIP switch with an X2443 serial 
NOVRAM, which is used to store user-defined setup 
and configuration parameters. The second replaces 
the EPROM with an electrically erasable PROM. 

The NOVRAM, a 256-bit serial device, is organized 
as 16 words of 16 bits each. All communication 
between the device and the processor is done in a 
bit-serial fashion using the data in input, data out 
output, and the synchronous clock lines shown in 
Fig 2. All operations are controlled by the micro- 
processor through the serial interface. Read and 
write operations are executed through the transmis- 
sion of a specific 8-bit instruction code with an 
embedded address of the word to be accessed. In 
the write operation, the processor follows the write 
command with 16 bits of data to be written. In the 
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read operation, the processor supplies the read in- 
struction, and then gives the X2443 16 clock cycles, 
which the device uses to output the data to be read. 
The NOVRAM also includes several non-data types 
of instructions to control the nonvolatile operation 
of the part, the part’s power consumption, and the 
write/store lockout feature. 

The X2443 is designed to interface with single-chip 
microcomputers when the main consideration is 
minimizing I/O lines and software overhead. This 
device also works well in microprocessor-based 
designs requiring upgrading with minimal design 
changes. It consists of a serial static RAM overlaid 
or ‘‘shadowed’’ bit-for-bit with a 5-V EEPROM 
array, as shown in Fig 2. The execution of a store 
operation, either from the input STORE or by the 
execution of the software store instruction, trans- 
fers the current contents of the SRAM en masse into 
the nonvolatile EEPROM array. In a similar manner, 
the execution of a recall operation, via the RECALL 
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Fig 2 In the NOVRAM, rec 
store operations can be inv 
software by writing in an 
instruction, or in hardware by 
enabling the respective signal lines. 


input, transfers the contents of the nonvolatile 
EEPROM array into the SRAM array. On power-up, 
the contents of the EEPROM array are automatically 
loaded into the RAM array for a default 
configuration. 

When using the X2443 to replace an existing DIP 
switch, it is advantageous to drop the NOVRAM into 
the existing switch ‘‘footprint.’’ Fig 3 shows the 
simple conversion of the existing site or socket (a) 
to accept the X2443 (b). Four of the eight 6821 1/0 
lines used to read the DIP switch are already mapped 
into pins | through 4 of the NOVRAM.These lines 
originally input the current settings of the DIP 
switches, but can be configured through the 6821’s 
data direction register to serve as the three outputs 
and one input needed for interfacing the NOVRAM. 
Since hardware STORE and RECALL signals are not 
needed in this application, they are simply tied to 
Vcc. All nonvolatile operations occur through soft- 
ware control, whose requirements are relatively 
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Fig 3. Within both the original DIP interface (a) and the X2443 implementation (b), the interface is serial. Therefore, 
only the clock, enable, data input, and data output lines need to be used. 
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PROCEDURE RESET  . 
THIS PROCEDURE 1S RESPONSIBLE FOR CONFIGURING THE TERMINAL TO THE MODES 
SPECIFIED AT POWER-UP TIME ON THE FUNCTION DIP SWITCHES TIED TO PIA PORT A 


cc 6 5 4 21 0 
PORTA PARITY AUTOLF © AUTONL == DUPLEX LINE ~-BAUD RATE 
ODD /EVEN PARITY |  . 
O=O0D PARITY | 
[SEVEN PARITY ! 

1 


} >; 
4 ¥ 
AUTO LINE FEED: 
0=NORMAL 
[=AUTO LINE FEED 
(CR ALWAYS FOLLOWED BY LF)! 
t i 
AUTO NEW LINE ----------—— I 
Q=NORMAL (INPUT STOPS AT LINE END) | 
|=:AUTO NEW LINE (INPUT WRAPS AROUND) ! 
J 
FULL/HALF DUPLEX 
Q=HALF DUPLEX 
|=FULL DUPLEX 


P= LOCAL 
TaLINE 


: 
' 
{ 
t 
i 
' 
i 
' 
! 
1 
' 
; 
1 
i 
{ 
{ 
j 
' 
i 
i 
: 


BAUD RATE SELECTION. -~-------e soe eee teen tetera cette 
O00= $0 BAUD 
O0l= 110 BAUD 
010= 300 BAUD 
Olis 660 BAUD 
100=1200 BAUD 
10)=2400 BAUD 
110=4800 BAUD 
[11=9600 BAUD 
SUBSIDIARY PROCEDURES: HOME 
CLEAR 
GLOBAL VARIABLES 
SeRSED: NONE 
ALTERED CAPIA 
CE PIA 
DAPIA 
DE PIA 
HEAD 
TAIL 
AUTOLF 
NEWLIN 
FULDUP 
LOCAL 
CNACIA 
~ CMACIA 
A ACCUMULATOR 
B ACCUMULATOR 


Fig 4 When using a header for a parsing program used 
with the pip switch configuration, the possible parameters 
are limited to 8 bits, and an elaborate software routine is 
needed to interpret them. 


straightforward (as described). With this software 


in place, the communication between the processor 
and the device simply becomes a series of reads or 
writes to the appropriate serial device locations. 
The original design only allowed eight user- 
definable inputs, since only one DIP switch is used 
in the terminal. The meaning of the various input 
conditions is shown in the DIP switch map portion 
of the program header in Fig 4. Since the single 8-bit 
input is used for so many functions, parsing the input 
byte into the appropriate setup parameters requires 
an extensive piece of code. The problem with this 
implementation is the extensive software required 
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to make switch operation straightforward in the 
user’s manual. 

Replacing the DIP switch with the NOVRAM has 
several significant advantages. The 256-bit nonvola- 
tile storage leaves adequate room for storing an 
‘“image’’ of all interface circuit registers. Thus, the 
parsing problem of the DIP switch implementation 
is eliminated. Even the control registers that do not 
need to be user-programmable can benefit from this 
imaging, since they can be changed remotely in the 
field for hardware or software updates. This method 
simplifies field upgrading when compared with the 
usual method of storing these register images in the 
program store ROM or EPROM. 

New images can either be down-loaded remotely 
or loaded through a diagnostic mode using a direct- 
connect RS-232 interface. Examples of where this 
capability is beneficial are numerous, and include 
changing interface protocols, data formats, or other 
hardware, interface, or networking options. 

The use of the device for storing setup parameters 
also allows a more user-friendly operator interface. 
Software in the original design includes routines that 
allow random placement of the cursor or text 
through the use of a ‘‘go to X-Y’’ routine. It 
becomes a fairly trivial task to implement a menu- 
driven setup mode. After entering a certain escape 
sequence, the user is placed in the configuration 
mode, which presents an English menu. 

The return key increments the cursor position to 
the next setup area where the current setting is 
displayed, and the spacebar key increments that set- 
ting through all possible choices. Once the user has 
set up the parameters for a particular session, 
depressing the escape key writes the current settings 
into the RAM section of the NOVRAM. With this 
operation, the user can set up a temporary configu- 
ration without changing the default parameters in 
the EEPROM section of the NOVRAM. Default set- 
tings are changed only when the user executes a 
certain control sequence (such as control X and 
then the escape). In some applications, it may be 
desirable to allow only certain users to change these 
default parameters before entering a special code. 


Replacing the DIP switch with the 
NOVRAM allows increased design 
flexibility, as well as reduced 
manufacturing and testing costs. 


Since the X2443 has a much larger capacity than 
actually needed for this application, the remainder 
of the nonvolatile storage can hold such data as serial 
number of the individual unit, revision level, and 
hardware configuration diagnostic parameters. 
Otherwise, it can be reserved for future expansion. 
The Table shows a sample address map for the 


Location Bit map 


@) XXXXXXXSWW XBBBB 

1 XXXXXXXXPPPETTRD 

2 XXXXXXXXEEEEEEEE 

3 SSSSSSSSSSSSSSS$S 

4 RRRRRRRRRRRRRRRR 

5 XXXXXXXXKXKXXKXKKXKX 
X= Don’t Care 


device, with the associated data stored in each of 
the 16-bit locations. The end results of replacing the 
DIP switch with the NOVRAM are increased design 
flexibility, as well as reduced manufacturing and 
testing costs. 


Program storage considerations 

The second aspect of improving the terminal 
design involves the program store for the 6800 
microprocessor. The original design uses a 2716 
EEPROM since the software requirements for the 
terminal are not extensive. The feature set of the 
X2816A EEPROM makes the replacement easier be- 
cause EEPROMs of the X2816A generation incor- 
porate high voltage generation, address and data 
latching, and the write-cycle timing circuitry on the 
memory chip. During read operations, the device 
functions just like the 2716 EPROM in its use of chip 
enable (CE) and output enable (OE) signals. During 
a write operation, the X2816A latches the addresses 
on the bus during the high to low transition of the 
write enable (WE) signal, and then latches the data 
to be written on the rising edge of the WE signal. 

The duration of this signal is not important, since 
the EEPROM only uses it to initiate the write cycle; 
the timing for the write operation is generated on- 
chip. The processor needs only to ignore the 
EEPROM for 10 ms during the write cycle, and the 
device does the rest. The latched and self-timed na- 
ture of the X2816A allows it to be placed in a 16-K 
SRAM socket and be read and written with the same 
signals used for the SRAM. 

The read operation of the X2816A is the same as 
that of the 2716 EPROM, so this part of the EEPROM 
Operation is of no concern. The only changes 
required to the existing circuitry involve the write 
operation. The first change allows the processor to 
write to the EEPROM, and the second protects the 
EEPROM from unwanted write operations during 
power-up and power-down. 

The memory map for the original design was not 
very full, so only large blocks of the address map 


interpretation 
S$ =Stop Bit Control 
WW = Word Length 
BBBB = Baud Rate 
PPP = Parity Check Controls 
E = Normal/Echo Mode 
TY = Transmit Controls - 
R = Receiver Interrupt Enable | 
D =Data Terminal Ready Geno! _ 
E=Emulation Designator (1 of 256). 
S = Serial Number 
R = Revision Level 
L =Latch data from keyboard on 
high-to-low or low-to-high 


are decoded for each memory device and I/O chip 
on the bus. The 2716 logically resides at addresses 
F800 through FFFF since the 6800 reset vectors must 
be included. The physical decoding for the 2716 
includes the address range of FOOO-FFFF since only 
the microprocessor’s two most significant address 
lines AlS and Al4 are used for the decoding. 
Since line Al4 is used to drive the OE line of the 
2716, the EPROM is selected whenever A15 is a logi- 
cal one. Possible conflict with the system RAM resid- 
ing at 8000-81FF is avoided by restricting the 
processor’s access to the 2716 in the logical F800-FFFF 
range. Since the processor can now read and write 
to the logical address range of the 2716 socket, the 
CE must also be derived from the A15 and A14 
address lines. And, since CE is active low and the 
address line is active high, a simple NAND gate will 
suffice (Fig 5). Luckily, an extra NAND gate in the 


oe 
ED. 


HER ITTEE - 


R ® 3 


PHASE | 
a 


Fig 5 The EEPROM control logic uses the processor’s 
high order address lines to map the device into the proper 
address range and enable it at the same time. 
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Fig 6 Address maps for updating EEPROM software are 
kept in EEPROM (a) and copied to RAM (b) when needed. 


design can be used as an inverter. The inverter used 
for the CE is no longer needed, and therefore can 
replace the NAND gate. The inverter on Al4 must 
remain intact since it is used in the 2114 RAM decode 
circuit. 

The WE line for the X2816A EEPROM can be 
derived from the composite RAM write signal used 
for the 2114 RAMs. This signal is the logical OR or 
the R/W output from the 6800 and the Phase | clock 
signal. This qualification of the R/W line ensures 
that the addresses are valid on the high to low transi- 
tion of the WE signal. Therefore, they can be latched 
into the EEPROM. This ORing connection also guar- 
antees that the data to be written is valid on the rising 
edge of the composite WE signal. The OE signal on 
the EEPROM can simply be driven from the comple- 
ment of the R/W signal from the processor. This 


technique requires that all accesses to the EEPROM 
be made in the logical address range of F800-FFFF 
to avoid bus contention with the system RAM. 

Discussion of the circuitry needed for the OE 
signal also must include another important issue: 
ensuring that the chip does not experience an 
accidental write cycle during power-up or power- 
down. Even though the chance of CE and WE going 
low during power-up or power-down is rather 
remote, the possibility must be eliminated. 

The EEPROM simplifies write protection by in- 
cluding an onchip voltage sensor that monitors the 
Vcc input level and automatically disables writes 
from occurring when Vcc falls below 3 V. Also, a 
noise filter on the WE input prevents a write from 
being initiated by a low spike. Functional interac- 
tion of the control inputs on the chip allows a low 
level on the OE to disable any write operations 
regardless of the state of the CE and WE inputs. By 
holding OE low while Vcc is between 3 and 4.75 V, 
inadvertent write cycles are inhibited. 

The power supply must be modified to generate 
an active low signal whenever Vcc is below a 
specific level. This signal disables the write opera- 
tion during both power-up and power-down. Be- 
cause this signal is wire-ANDed with the control 
signal driving the OE signal, all writes to the chip 
are disabled when Vcc is below the 4.75-V limit. 


Software modification 

Once hardware changes have been made, in- 
factory modifications and in-field modifications 
must be addressed in order to take full advantage 
of an X2816A. In-factory modifications can be han- 
dled in many ways. If the terminal configuration is 
known at assembly time, the appropriate software 
can be loaded into the EEPROM through the use of 
a standard PROM programmer. However, this 
method does not take full advantage of the features 
of the in-circuit reprogrammability inherent in the 
X2816A. A more advanced approach also makes 
automated board testing easier. 

For example, the EEPROM can be initially 
installed with a diagnostic program for testing the 
completed terminal board with an automated test 
system. Once the board has been tested, the tester 
controls the 6800 processor by holding it in a quies- 
cent state such as reset or halt. The tester then 
assumes control over the terminal bus and writes the 
actual terminal software into the EEPROM. This 
greatly reduces the overhead required to manufac- 
ture a variety of different configurations or 
‘‘models’’ on a single assembly line. In-line program- 
ming also allows for the verification of the EEPROM 
write operation and control circuitry. 

The real advantages of the EEPROM surface when 
it comes to modifying software in the field. In this 
case, the terminal is placed in a down-load mode, 
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and the software revision is loaded through the 
RS-232 interface, either from a service ‘‘box’’ or re- 
motely via a modem. The X2816A allows the termi- 
nals in the field to be called over phone lines for 
loading new operating software, thereby greatly 
reducing the cost and impact of a software update. 

Although full-featured EEPROMs such as the 
X2816A simplify this task significantly, there remains 
one software issue to be resolved. While the 
EEPROM Is performing its internal write cycle, it is 
unavailable for further writes or reads. For exam- 
ple, the processor, executing out of a program stored 
in the EEPROM, might perform a write cycle to the 
chip and then fetch the next instruction. Since the 
X2816A 1S Occupied with its internal write cycle, the 
next instruction fetch will yield a high impedance 
bus. The processor will take this data as its next in- 
struction and enter the ‘‘catch fire and die’? mode 
of operation. 

To avoid this situation, a very compact routine 
fetches the byte to be written into the EEPROM from 
a given location, writes the byte into the EEPROM, 
and then enters a timing loop to wait the 10-ms 
period required to complete the write. Since the 
RS-232 interface supports full handshaking, there is 
no chance of overrun from the down-loaded data. 
This routine is initially loaded into the EEPROM, but 
it is never executed from this device. Instead, another 


‘‘copy to RAM’’ routine copies the routine from 
EEPROM into RAM, from which it is executed. 

Since the terminal has 1 Kbyte of RAM capacity, 
there is ample room for storing such a routine during 
the EEPROM write cycle. Fig 6 shows address maps 
for both the EEPROM (a) and the RAM (b) prior to 
and during the execution of the EEPROM write 
routine. This method works especially well with the 
6800 since its architecture is that of a von Neumann 
machine, and can therefore execute program seg- 
ments out of the memory space reserved for RAM 
data storage. 

In-field terminal upgradeability has two important 
benefits. If the terminal software is upgraded or 
revised after the unit is sold, the new software can 
be added to the existing units in the field at minimal 
cost. This method also eases the addition of optional 
hardware in the field, since the new software sup- 
porting the hardware option can be down-loaded 
instead of replacing the terminal EPROM. 


Reprinted with permission from Computer Design—October 1, 1984 issue. 
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NOTES 


Save volatile 
- data during 


power loss 


Save volatile 


data during 


Nonvolatile-storage devices give you a 
medium in which to store data during 
power loss. By combining these devices with 
power-sensing circuits and supplying the 
necessary control signals, you can design a 
system that transfers data securely between 
volatile and nonvolatile memory during 
power loss. 


Xicor, Inc. 


To protect volatile data during power loss, you need to 
transfer that data reliably to nonvolatile memory dur- 
ing the transient and return it to RAM after power is 
restored. A system that performs this function includes 
two subsystems. The first reports power status, indi- 
cating when power is lost and when it is restored; the 
second handles the data transfer, using the power- 
status signal to generate the appropriate store and 
retrieve commands. 


Sense power failure 

To transfer data reliably after power loss, a system 
must have enough time to copy data from RAM to 
nonvolatile memory before the supply voltage drops 
below a certain level. The sensing circuit must recog- 


power loss 


nize the power loss and generate a power-loss signal 
promptly, giving the storage subsystem enough time to 
effect the data transfer. In fact, in some systems, you 
may have to complete your transfer within a single 
write cycle to ensure a reliable transfer. 

Your first step in designing the sensing subsystem is 
to choose a sensing point. You could use the 5V regula- 
tor’s output as a sensing point, but this output will not 
indicate power loss as quickly as will either the ac input 
line to the power supply or the unregulated de voltage 
supplied to the regulator. 

To sense ac loss on the power supply’s ac input line, 
you can monitor either the input or the output to the 
power transformer. If you monitor the transformer’s 
input side, you must electrically decouple the sensing 
circuit’s signal from the system’s dc portions (by using 
optoelectronic isolators, for example). If you monitor 


DC SUPPLY 


-— 


NOTE: MINIMUM RELIABLE WRITE VOLTAGE = 4.5V 


Fig 1—The system characterized by this timing diagram must 
detect a power loss early enough to allow it to generate a store pulse 
10 msec before the de supply drops to 4.5V. 
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+5V SUPPLY 


Q, TO 
INTERRUPT 


Fig 2—This zero-crossing detector monitors power-supply status at 
the transformer’s ac output. The two diodes isolate the detector from 
the main power supply’s unregulated dc bus. 


POWER FAIL 


Fig 3—In a typical pP system that tests for power loss, once the 
processor receives an interrupt indicating a power loss, the system 
initiates a subroutine that tests for a true power loss. The subroutine 
first produces a delay of about 2 msec; then the system looks again at 
the power detector’s output. If that output is still asserted, the system 
decides that the power loss is real and sends a store pulse to the 
nonvolatile RAM. 


the output side, you must isolate the detector circuit 
from the main power supply’s filtered unregulated de 
circuit, because that circuit’s response to a line fault is 
slow. To isolate the circuit, you can use either a 
separate transformer tap or two extra diodes between 
the bridge and the detector. 

Alternatively, you can use the unregulated de voltage 
ahead of the regulator as a sensing point. The regulator 
maintains its regulated output as long as its input 
voltage remains within a certain range. To make sure 
that the system will have time to respond to a power 
loss, you should set your trip point below the normal 
input voltage. This allows you to send your store signal 
early enough to ensure a reliable transfer to nonvolatile 
memory. Consider, for example, the timing diagram in 
Fig 1 and assume that the minimum reliable write 
voltage of the memory in the system it characterizes is 
4.5V. Because this system’s de supply drops to 4.5V 10 
msec after initiation of the store pulse, the system must 
complete a write operation to nonvolatile memory with- 
in this 10-msec period. 


Once you've chosen a sensing point, you must choose 
a detector. If you’ve chosen to detect ac loss, consider 
one of the following four methods. The first is a low-cost 
zero-crossing detector (Fig 2), in which two diodes 
isolate the detector circuit from the filter capacitor (Cr) 
that’s ahead of the regulator. When a power loss 
occurs, the full wave’s rectified ac drops to zero, 
inhibiting base current to transistor Q,. This causes Q,’s 
output to go high, thereby generating an interrupt 
signal at point B. 


TO INTERRUPT 


2x 4N25 


WITHOUT CAPACITOR DELAY 


TO INTERRUPT 
TIME DELAY 2 mSEC 


Fig 4—You can connect a detector like this one, (which contains 
optoelectronic isolators with their diodes connected back-to-back) 
directly to the ac line through a resistor (a). The circuit produces an 
output pulse that can interrupt a wP each time the input waveform 
crosses zero, or every 8.3 msec (b). Instead of allowing the sensor to 
interrupt the ~P every 8.3 msec, you can feed these pulses first to a 
555 timer that’s configured as a missing-pulse detector. It issues an 
interrupt only when the input pulse train is interrupted (c). 
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When it receives an interrupt, the system initiates a 
subroutine that tests for a true power loss (Fig 3). The 
subroutine delays the store signal for about 2 msec and 
then looks at the detector again. If the output is still 
high, the system decides that the power loss is real, and 
it sends a store pulse to the nonvolatile RAM. Resistor 
R, in Fig 2 limits the transistor base current. 

Capacitor C, is essential in this circuit because it 
filters the power supply’s half-cycle pulses before 
they’re applied to Q,. (If you were to fail to filter these 
pulses, the »P would receive an interrupt signal every 
8.3 msec, whether or not a power loss had occurred. 
Without C,, as much as 25% of your available processor 
time would be spent responding to false interrupts 
generated by the power-loss detector.) The value that 
you choose for C,; depends on the power supply’s holdup 
time, the values of R,; and R», and the delay that you 
want between the loss of ac and the triggering of the 
store signal. 


Use optoisolators 


The second technique for sensing ac power loss uses 
two optoelectronic isolators between the detector and 
the ac power line (Fig 4a). This technique produces a 
positive output pulse at each zero crossing on the ac 
line, or at 8.3-msec intervals (Fig 4b). The problem 
with Fig 4a’s circuit is that the interrupt signal occu- 
pies the P’s time while the rest of the system is 
resampling the detector’s output. To solve this prob- 
lem, you can add a missing-pulse detector similar to the 
one shown in Fig 4c. 

A third detector that relies on direct ac-line connec- 
tion uses General Instrument’s MID 400 power-line 
monitor. When you use this device, you need to add 
only two resistors to ensure a clean interrupt signal 


TO INTERRUPT 


Fig 5—To incorporate the MID 400 detector in your sensing 
subsystem, you need to add only two external resistors that you 
connect directly to the ac line. You can control the on and off delays at 
the output by connecting a capacitor across R». 


To ensure that youll be able to transfer 
data reliably from RAM to EEPROM, 
you need to maintain power for at least 10 
msec after a power loss. 


(Fig 5). You can adjust turn-on and turn-off delays by 
adding a capacitor across R». 

The fourth detector (Fig 6) uses a CMOS Schmitt 
trigger as a full-wave, low-voltage, missing-pulse de- 
tector. To avoid latch-up, and possible damage to the 
CMOS circuits, you must make sure that the input 
voltage to the CMOS Schmitt trigger does not exceed 
the 5V supply voltage. You can meet this requirement 
by inserting a resistor between the Schmitt trigger and 
the bridge’s output. To obtain narrow pulse widths 
from the first gate, keep the ac input voltage as high as 
possible. R3 and C,; determine the output’s delay, which 
must be longer than the first gate’s pulse width. 


Sensing dc power loss 


If you’ve decided to sense de loss instead of ac loss, 
you don’t have to worry about capacitor delays or 
missing pulses. Consider the sensor in Fig 7a, for 
instance. The sensor generates a negative interrupt 
pulse when it senses dc loss; it uses a zener diode to set 
the trigger point. On one hand, you should set the 


1/6 CD40106 
10k 7 
D 


Fig 6—When you use two Schmitt triggers to detect ac loss (a), the 
delay produced by R; and C, must be longer than the first gate’s 
output pulse width. The timing diagram (6b) shows the circuit 
waveforms. 
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TO INTERRUPT 


Re 
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Fig 7—Using zener diodes you can configure a power-supply detec- 
tor circuit to produce either a negative (a) or a positive (b) interrupt 
pulse when the trigger point is reached. You can configure the op amp 
shown in ec to produce either a positive or a negative output pulse 


polarity. 


ADDRESS 
DECODE 


ADDRESS 


SYSTEM 
- 


trigger point as high as possible (to allow the circuit to 
sense the power loss as early as possible). On the other 
hand, you must still set the trigger point low enough to 
fall below the lower boundary of the supply’s upper 
unregulated limit (to prevent false triggering). Re- 
member that the diode’s voltage rating should equal the 
desired trip-point voltage minus the 0.7V base-emitter 
drop. 

In the de detector circuit shown in Fig 7b, when the 
unregulated dc voltage drops, a pnp transistor turns on 
and produces a positive pulse. Here, the zener diode’s 
rating is equal to the trip-point voltage minus 5V, plus 
0.7V for the base-emitter drop. 

The circuit in Fig 7c trips when the dc level at R,’s 
and R,’s junction drops to the zener’s voltage rating. 
You can provide either a positive or a negative inter- 
rupt signal, depending on the operational amplifier’s 
input configuration. 

To ensure that the regulator operates long enough 
to perform a reliable transfer to nonvolatile memory 
once a store pulse is sent, you need to use a large filter 
capacitor. The capacitance depends on the desired trip 
point, the lowest input voltage to the regulator, and the 
load. For example, a system with a 10-msec transfer 
time, a 3800-mA load, a 15V trip point, and a minimum 
regulator input of 7V requires a 375-uF capacitor; you 
can derive the capacitor’s value from the equation 
i=Cdv/dt. 

Once you’ve chosen a sensing point and a sensing 
circuit, the next step is to develop a subsystem that 
uses the power-status signal to generate save and 


GENERAL- 
PURPOSE 
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POWER-ON RESET 
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Fig 8—This industrial controller’s storage architecture uses a NOVRAM as both the volatile and nonvolatile system storage elements. 
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restore signals. These signals tell the storage subsys- 
tem to transfer data from RAM to nonvolatile memory 
during power loss and return data to RAM after power 
has been restored. 

The type of system you design will depend largely on 
the type of nonvolatile storage that you plan to use with 
that system. For instance, you could use battery- 
backed RAM, or you could use a NOVRAM like the one 
used in the industrial controller shown in Fig 8. The 
industrial-controller design takes advantage of the non- 
volatile RAM’s ability to transfer data between RAM 
and EEPROM in a 10-msec single write cycle (see box, 
“NOVRAM architecture”). 

The nonvolatile RAM provides both the system stor- 
age (RAM portion) and the nonvolatile program stor- 
age (EEPROM portion) for power losses. The pP 
supplies a low-going TTL store signal (100-nsee min 
duration) to the nonvolatile RAM’s store input. During 
the 10 msec that the nonvolatile RAM requires to 
complete its data transfer, you must keep the power 
supply’s voltage within the specified operating toler- 


NOVRAM architecture 


Monitoring the ac line in front of the 
main supply’s power transformer gives you 
the fastest warning of a power loss. 


ance. Once the system initiates a store cycle, the store 
cycle can’t be terminated. 

When the system loses power, the sensor sends a 
power-failure-detection interrupt to the wP. Once the 
processor acknowledges the interrupt, it branches to an 
interrupt routine that writes the current stack pointer 
and a test byte to the nonvolatile RAM (to signify that a 
power failure has occurred) and generates a store 
signal. The power supply holds Vcc above 4.5V for 10 
msec after it generates the power-fail signal. During 
the store operation, the nonvolatile RAM I/O lines 
maintain high impedance, allowing the pP to complete 
other tasks. After the system completes a store opera- 
tion, it must drive the store input high before perform- 
ing subsequent store operations. 

When power is restored, the power-on-reset routine 
sends a recall signal to the nonvolatile RAM. The 
routine in the pP then checks the nonvolatile RAM’s 
test byte to see if the previous process had been 
interrupted by a power failure. If so, the processor 
saves the current processor state and loads the address 


A NOVRAM (nonvolatile RAM) 
is a memory device comprising a 
static RAM overlaid bit for bit 
with an EEPROM (electrically 
erasable programmable ROM). 
A typical nonvolatile RAM, the 
Xicor X2212, contains 2k bits or- 
ganized as a conventional 1k- 
byte static RAM overlaid with a 
1k-byte EEPROM. 

The operation of the RAM 
portion is identical to that of 
other static RAMs. However, in 
addition to CS (chip select) and 
WE (write enable) pins, nonvol- 
atile RAMs also have store and 
recall pins that control data 
transfers between the RAM and 
EEPROM. Because the pulse 
widths of the control and data 
inputs are less than 450 nsec, 
most »P-based systems don’t re- 
quire wait states during the data 
transfers. 


A store operation transfers 
the entire RAM contents to the 
EEPROM in a single 10-msec 
write cycle. After the NOVRAM 
completes the store operation, 
the original data will reside in 
both the RAM and the EE- 
PROM. 

The NOVRAM uses a recall 
operation to transfer data in the 
EEPROM to the RAM, replac- 
ing the RAM’s prior content. In- 
stead of moving data on a word- 
by-word basis, store and recall 
operations transfer the entire 
content of the memory simulta- 
neously. 

NOVRAMs don’t require high- 
voltage pulses or high-voltage 
supplies: The devices operate 
from a single 5V power source 
and have no battery backup. All 
inputs and outputs are TTL 
compatible. The RAM portion’s 
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cycle time is 300 nsec, and the 
common data input/output is 4 
bits wide. 


On-chip protection 


A built-in Vcc sensor protects 
the NOVRAM from spurious sig- 
nals often initiated during pow- 
er-up and power-down. The sen- 
sor establishes a threshold 
supply voltage of 3V. When the 
supply voltage falls below 3V, 
store operations to the EE- 
PROM and write operations to the 
nonvolatile RAM are blocked. 

A noise filter built into the 
EEPROM prevents glitches on 
the WE line from initiating a 
write cycle. This filter makes 
the device ignore pulses of less 
than 20 nsec so that noise spikes 
will not be interpreted as write 
commands. 


An alternative to monitoring ac power at 
the power transformer 1s monitoring the 
unregulated dc power to the regulator. 


SYSTEM 
STORE 


Fig 9—By NANDing the store, WE, and power-status signals you 
can protect the NOVRAM from false store commands. In this 
configuration, all three inputs must be true for a store operation to 
occur. 


NOVRAMS | 
-EEPROMS | 


CE OR WE (OR STORE) 


Fig 10—In a hold-low protection scheme (a), a nonvolatile memo- 
ry’s array-recall pin is pulled to logical zero when the supply voltage 
falls below 5V. In hold-high protection (b), when power is lost, either 
the WE or CE pins are held high. 


of the saved processor state onto the stack. It then 
executes a return from interrupt and resumes the 
previously interrupted process. 


Beware false commands 


One of the biggest obstacles you'll face in deriving 
reliable store and save signals will be to avoid false 
store commands. Because most »P-based systems don’t 
operate in ideal environments, they often generate 
false signals during power-ups, power-downs, brown- 
outs, and power failures. However, these signals are 
generally nonperiodic in nature, so the system usually 
recognizes them as by-products of a faulty memory 
device and disregards them. 

Sometimes, however, these signals are periodic and 
turn out to be unintended write/store commands. After 
a system reset, for example, the wP’s erratic behavior 
may cause the registers that usually contain the system 
information to contain false write-store commands in- 
stead. Therefore, when the system addresses those 
registers, those registers issue a false store command. 

You can use several system techniques to avoid these 
errant commands. (For a discussion of on-chip protec- 
tion features, see box, “NOVRAM architecture.”) One 
technique for protecting the NOVRAM from errant 
commands takes advantage of the fact that even though 
most wPs can issue spurious addresses, they don’t 
usually issue false write commands. By ANDing the 
system write command with the system store com- 
mand, you can make sure that the nonvolatile RAM will 
respond to a store signal only during a write cycle. 

Nevertheless, glitches can still appear at the store 
pin during power up, even if no write command is 
received at any of the 3-state TTL gate inputs. One way 
to solve this problem is to use an open-collector NAND 
gate, one of whose inputs indicates the power supply’s 
status (Fig 9). This method ensures that the store pin’s 
voltage follows the power supply’s voltage as the volt- 
age increases. 

If you hold one NAND gate’s open-collector input 
low, the output transistor is turned off. Pulling the 
gate’s output voltage to the nonvolatile RAM’s power 
supply through a pullup resistor ensures that the 
output follows the power supply with no glitches. You 
can also use the power supply’s status signal to hold the 
recall pin low and the store pin high. This technique 
gives you better control over the nonvolatile RAM 
because it uses two conditions to prevent an inadver- 
tent store operation. All you need to do is to connect the 
status signal directly to the recall pin. 
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Two additional methods of preventing unintentional 
nonvolatile data changes during power transitions are 
hold-low and hold-high protection. When you use hold- 
low protection (Fig 10a), the array recall pin is pulled 
to logical zero whenever the supply voltage falls below 
the 5V—10% threshold. The Intersil ICL8211, an 8-pin 
miniature DIP, provides the voltage reference and 
gives a zero output whenever the supply falls below its 
threshold. When the sensed voltage rises above the 
selected threshold, the device produces a logical one. 

(Fig 10b) gives an example of hold-high protection. 
ICL8211 keeps the voltage on the nonvolatile RAM’s 
store pin (or the WE or CE pins) near the power 
supply’s voltage level. This blocks the low pin voltage 
that’s necessary for a write or store operation. 

The power-supply output that ICL8211 senses is a 
sawtooth waveform. ICL8211’s output is a logical 1 
while the supply output is above 4.5 volts. Below 3V, 
the nonvolatile RAM’s internal protection circuitry 
prevents inadvertent writes or stores. In the critical 
unprotected range between 3 and 4.5V, ICL8211 pro- 
vides a zero output to prevent writes or stores. 


An alternative to ICL8211 in these applications is the 
SGS L487. The SGS L487 is a 500-mA precision 5V 
voltage regulator that includes an open-collector power- 
on/power-off reset output pin that protects nonvolatile 
memory the same way the ICL8211 does. 

Other schemes that protect systems from inadver- 
tent store operations employ jumpers, cables, and 
switches. You transmit the store signal through a 
jumper or switch that you hold open unless you’re 
changing data in the EEPROM. During normal opera- 
tion, the only component attached to the store pin is a 
resistor to the power supply. EDN 


Author’s biography 


Christopher Lopes is an applications engineer at Xicor 
(Milpitas, CA), where his duties include system-level evalu- 
ation, product-application development, and customer tech- 
nical assistance. A member of the IEEE, Chris holds a BS 
in electrical and electronic engineering from California 
State University at Sacramento and is currently enrolled 
in the MBA program at the University of Santa Clara. He 
enjoys windsurfing, skiing, and tennis. 


Reprinted from EDN February 21, 1985 
©1985 CAHNERS PUBLISHING COMPANY 


9-82 


THICK OXIDE BEATS THIN FILM 
IN BUILDING BIG EEPROMS 


TECHNOLOGY TO WATCH _ 


MAY 12,1986 


THICK OXIDE BEATS THIN FILM 


IN BUILDING BIG EEPROMS 


XICOR USES IT TO SOLVE 3-D SCALING PROBLEMS IN 256-K CHIPS 


y abandoning the gy 
conventional _ thin- 
film route to fabri- 
cating high-density | 
electrically erasable 
programmable read-only mem- 
ories, Xicor Inc. may have 
overcome the problems that 
have kept the parts from | 
climbing above the 64-K densi- 
ty level. The Milpitas, Calif., 
company employed a conserva- 
tive 2-~m process and standard 
off-the-shelf 5x stepper litho- 
graphic equipment to build a 
256-K EEPROM. 

The key to doing this was 
the use of a thick oxide and a 
unique triple-polysilicon float- 
ing-gate cell, says William 
Owen, Xicor’s vice president of 
research and development. The 
process is inherently more reli- 
able and easier to scale to sub- 
micron dimensions, he claims, 
although it was more difficult 
for the Xicor engineers to mas- 
ter. They were less familiar 
with it than with the thin-oxide 
double-poly technology derived 
from EPROM manufacture. 

Conventionally used thin-ox- 


ide floating gates are relative- 1.SMALL DIE. Eguivalent in size to many thin-oxide 64-K parts, 
ly easy to manufacture, but Xicor’s 256-K EEPROM die measures about 64,000 mils?. 


cannot be scaled down easily 

without introducing significant reliability problems. This un- 
pleasant consequence of the laws of physics is one reason 
many EEPROM houses are having difficulty moving to densi- 
ties beyond 64-K to the 256-K level. To do so requires pushing 
minimum line widths on the oxides down to 1 pm using 
advanced photolithography. 

“The problem with scaling EEPROMs lies in the fact that it 
is necessary to scale in three dimensions—in the vertical as 
well as horizontal directions,” says Owen. ‘To achieve 256-K 
densities, not only must thin-oxide EEPROMs be scaled from 2 
or 3 um down to 1 to 1.5 wm in the horizontal direction, but 
from 90 to 100 A down to about 70 to 80 A in the vertical 
direction.”’ To achieve similar densities in its 256-K EEPROM, 
Xicor found it necessary only to scale down from 3 to 2 wm 


TECHNOLOGY TO WATCH is a regular feature of Electron- 
| ics that provides readers with exclusive, in-depth reports on 


important technical innovations from companies around 
the world. It covers significant technology, processes, and 
developments incorporated in major new products. 


yq horizontally and from 600 to 
800 A down to 400 A vertically. 

The thick oxide enabled Xi- 
cor’s designers to form a basic 
EEPROM cell with a triple-poly 
structure that puts the pro- 
| gramming portion atop the 
erase mechanism. This result- 
ed in horizontal cell dimensions 
smaller than the  thin-oxide 
structure. 

Another factor in the small- 
er size was the use of a propri- 
etary textured thick-oxide sur- 
face on the programming ele- 
/.| ments. The textured surface’s 
| electrical potential per unit 
area is greater than conven- 
tionally used smooth surfaces, 
m | producing cells that are inher- 

# | ently smaller than comparable 

7| thin-oxide cells, but with the 
7| same effect. The oxide can be 
/ | shaved off without affecting 
| cell reliability, making vertical 
| scaling relatively easy. 
/| The first 256-K EEPROM 
fabricated with the 2-~m pro- 
cess is the 32-K-by-8-bit n-MOS 
X28256. It features a chip area 
of about 64,000 mils? (Fig. 1), 
equal in size to many thin-ox- 
ide 64-K parts fabricated using 
1.5-um design rules, and half 
the size of thin-oxide 256-K EE- 
PROMs designed with 1- to 1.2-~4m geometries. Soon to follow 
will be a CMOS version, the X28C256. Both parts feature 150- 
ns access times and support 64-byte page-write operations. A 
write cycle takes 31 ys per byte, enabling the entire memory 
to be written in less than 1 second. 

In Xicor’s triple-poly cell (Fig. 2), the floating gate sits 
between the upper and lower poly layers, forming the thick- 
oxide tunnel structures for erasure and programming. Com- 
pared with the 80- to 120-um? cells of conventional 1-um thin- 
oxide designs, the electrically erasable cell in Xicor’s 2-um 
256-K parts measure only 68 pm’. 

The programming tunnel mechanism occurs between the 
first and second floating-gate poly layers; the erase tunneling 
action occurs between the second and third (Fig. 3, left). As 
in the thin-oxtde approach, a selection transistor isolates the 
selected cell on a column while a capacitor develops, through 
capacitive coupling, enough voltage across a tunneling device 
to make electrons tunnel on and off the floating gate. This 
voltage is sensed by a MOS transistor, whose gate is formed 
by the second poly layer. 
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2. TRIPLE POLY. Key to the small die area is a unique triple-poly floating-gate cell. The gate, 
between the upper and lower poly layers, performs erasure and programming. 


Because capacitance increases linearly as oxide thickness de- 
creases, tunnel devices made with very thin oxides—80 to 100 
A thick—rate 5 to 10 times higher than tunnel devices made 
with 500- to 800-A-thick oxides. Consequently, cells using thin 
oxide have to push photolithography requirements to the limit 
of available equipment and processes in order to make the thin- 
oxide tunneling devices as small as possible. The coupling ca- 
pacitor, which must be made from a thicker, nontunneling 
oxide, ends up relatively large to obtain efficient coupling. 

In contrast, thick-oxide tunnel devices inherently have very 
low capacitance. Therefore they can be made with reasonable 
feature sizes and still produce a small cell with good coupling- 
capacitor efficiency. Since the feature sizes used in the tunnel 
devices are compatible with the lithography requirements of 
the rest of the cell, they can be readily scaled down as ad- 
vances in lithography technologies become available for 
manufacturing. 

What makes this structure work is its surface, which Xicor 
describes as textured with hillocks (Fig. 3, right). Also called 
asperities, these odd-looking features were at first considered 
an undesirable side effect of MOS processing, and occur be- 
cause oxidation progresses faster along some crystal direc- 
tions than others. Because crystal orientation is random in 
deposited poly, there are points on the surface of an integrat- 
ed circuit where oxide growth is enforced. The temperature of 
the oxide controls the size and shape of the hillocks. 

Through the use of carefully designed and controlled fabri- 


COLUMN 


cation techniques, Xicor exploits this phe- 
nomenon to build EEPROM transistors 
using thicker silicon dioxide layers that 
can still discharge the floating gate. Be- 
cause the oxidation is a well controlled 
step, the properties of the emitters are 
exceptionally regular. They are shaped so 
that the electric field increases at the 
crest of the hills, substantially enhancing 
the emission of electrons. 

The poly electrodes are separated by 
oxide layers about 500 to 800 A thick. 
Without the hillocks, Xicor says, 100 V 
would need to be applied to produce effec- 
tive tunnel current. With the textured 
surfaces, the voltage required for tunnel- 
ing is only 10 to 20 V, low enough to be 
generated easily on chip with an internal 
charge-pump circuit. 

The coupling capacitor’s size also con- 
tributes to the smaller cell area. To induce tunneling, the 
floating-gate voltage is raised or lowered through capacitive 
coupling to a bias-voltage supply. To avoid excessively high 
bias voltages, efficient coupling to the floating gate must be 
achieved by making the coupling capacitance much higher 
than all other floating-gate capacitances combined. These oth- 
er capacitances include that of the MOS sense transistor, and 
especially that of the tunnel devices. 

To electrically program a cell, electrons must tunnel onto 
the floating gate. In Xicor’s triple-poly enhanced-emission cell, 
this is accomplished by applying a bias voltage to the coupling 
capacitor to capacitively pull the floating gate high and devel- 
op a voltage across the program tunneling device. When this 
voltage reaches the tunnel voltage, electrons tunnel from the 
first poly level’s surface through the programming device to 
the second-level floating gate. When the applied voltages are 
brought back to normal reading levels, the programmed float- 
ing gate carries a negative voltage because of the extra elec- 
trons on it. When read, the MOS floating-gate sense transistor 
is turned off by the negative voltage and a 0 is produced at 
the EEPROM’s output. 

To electrically erase a cell, electrons must tunnel off the 
floating gate. In Xicor’s triple-poly cell, this is done by capaci- 
tively coupling the second poly level’s floating gate low while 
the third poly level’s word line, which forms the other end of 
the erase tunneling device, is brought high. When the voltage 
across the erase tunneling device reaches the tunnel voltage, 
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3. TUNNELS AND TEXTURE. In Xicor’s cell design, programming by tunneling action occurs between layers 1 and 2 and erasure between layers 


2 and 3 (left). The thick-oxide cell approach uses a “‘textured”’ floating gate surface to enhance electron emission. 


FLOATING GATE 


PROGRAM AND 


ERASE LINE e 


THIRD LEVEL SECONO LEVEL 


p-SILICON SUBSTRATE 


Electronics/May 12, 1986 


9-85 


TEXTURED SURFACES 


® 
@ | FIRST LEVEL 


Programming 


Erasing 


electrons tunnel from the second poly floating gate to the 
third poly word line. When the applied voltages are brought 
back to normal reading levels, this erased floating gate has a 


net positive voltage because of the lack of electrons on its 


surface. When read, the MOS floating-gate sense transistor is 


turned on by this positive voltage and a 1 is produced at the 


EEPROM’s output. 


Other advantages of the thick-oxide approach, says Owen, 


include improved data retention and endurance, or the number 
of data changes a nonvolatile memory can sustain before the 
first bit fails. Because the floating gates in the Xicor design 
are completely surrounded by thick thermal oxides, similar to 
an EPROM, data retention is excellent even at very high 
temperatures. “In fact, the only way retention can be mea- 
sured on the thick-oxide devices is by subjecting them to 
temperatures over 300°C for several weeks,” Owen says. “If 
these measurements are extrapolated, the typical retention 


for a Xicor EEPROM is more than 2 million years at 125°C.” 
But for the record, the company is much more conservative, 
guaranteeing data retention of only 100 years at 125°C. 


The data-retention advantages of the textured thick-oxide 


approach are retained—or 
even improved—as devices 
are scaled, he says. This is 
due to the fact that lower 
programming voltages are 
needed in order to scale the 
memory properly, so isolation 
widths and device channel 
lengths can be reduced in 
both the memory array and 
in the peripheral circuitry. 
However, for a typical part, 
which stores data in 3 ms 
and must retain it for 10 
years, the tunneling current 
under storage and reading 
conditions must be reduced 
by at least 10'! than under 
programming conditions be- 
cause the retention time is 
10'' times longer than the 
storage time. 

For planar nontextured 
tunneling structures, this is a 
difficult design constraint be- 
cause the slope of the cur- 
rent voltage curve—that is, 
the relationship between the 
current and voltage of the 
tunneling device—is fixed. 
This means that the maxi- 
mum allowable read voltage 
drops with the programming 
voltage on a volt-for-volt ba- 
sis, not proportionately. 

On the other hand, a tex- 
tured-surface tunneling 
structure has a much steeper 
current-voltage curve; that is, 
for each increment of change 
in one voltage, there is an 
amplified increment of 
change in the other. In addi- 
tion, the curve is not fixed, 
which means the relationship 
between the current and volt- 
age can be tailored to yield 
steeper curves if necessary. 


This means that for a given 


ee fa ea ae ee 


maximum read voltage, a textured surface requires a lower 
programming voltage than a planar thin-oxide structure, lead- 


ing to better scaling. 


With regard to endurance, recent data on Xicor’s EEPROMs 
indicates an expected failure-in-time rate of 0.015% per 1,000 
hours, or 150 FIT, in systems requiring 10,000 data changes 
per byte over a 10-year period, says Owen. “Thus for many 
applications, the endurance-related fallout is actually similar 
to or lower than other semiconductor-related failure rates.” 

To achieve 1-Mb densities, Owen believes that although it 
will require moving to l-um geometries horizontally, only a 
few “tens of angstroms” reduction will be necessary in the 
vertical direction. “In thin-oxide EEPROMs, this is a reduction 
of 10% to 15% down to the operational limits of the floating- 
gate mechanism,” he says. By comparison, Xicor’s thick-oxide 
approach requires a reduction on the order of a few percent- 
age points. ‘Moreover, the scaling is well within the limits of 
the Xicor cell design,” he says. “As a matter of fact, we think 
we can continue to scale for several generations before we 
run into any of the problems our competitors are running into 


with thin-oxide EEPROMs.” 


O 


XICOR: FROM LONG SHOT TO LEADER 


Life is sweet these days for 
Raphael Klemm, Juhus Blank, 
Willam Owen III, and Wal- 
lace E. Tchon, who all helped 
found Xicor Ine. in 1978. But 
thev can recall the time when 
the Milpitas, Calif., compa- 
ny’s chance of survival was 
considered a long shot. 

“The problem was that few 
in the industry thought we 
had a technological edge ex- 
cept us,” says Owen, vice 
president of research and de- 
velopment. “There was Intel 
Corp., with its thin-oxide ap- 
proach to fabricating electri- 
cally erasable programmable 
read-only memories, and 
there was Xicor, with the 
thick-oxide approach. Every- 
body seemed to be going the 
thin-oxide route.’”’ All that is 
changing now. 

First of all, it is becoming 
clear that the company is at 
least a generation ahead of 
its competition with its thick- 
oxide approach. While every- 
one else is pushing to l-um 
geometries to achieve 256-K 
products, Xicor is coasting 
along with a relatively con- 
servative 2 um to achieve the 
same density. 

Second, thin-oxide advocate 
Intel has entered into a long- 
term agreement with Xicor 
for joint development of ad- 
vanced EEPROMs. The deal 
also calls for mutual second- 
sourcing of EEPROMs and 
related products. As part of 
the agreernent with Titel, Xi- 
cor has received 36.5 million 
and may receive an additional 


i 


$500,000 as well as a $10 mil- 
lion lease guarantee. 

Third, the company contin- 
ues to dominate the market it 
created, 5-V-only EEPROMs. 
Sales have grown from $2.8 
million in 1982 to $39 millon 
in 1984. Estimates for 1986 
range as high as $33 million. 

Finally, Xicor had profit- 
able operations during all 
four quarters of 1984 plus Q1 
of 1985. It owns about 50% 
of the market for 5-V EE- 
PROMs and Novrams, static 
random-access memories 
backed by nonvolatile EE- 
PROM cells. 

Klein, now chief financial 
officer and chairman of the 
board, is a graduate physicist 
from the Israeli Institute of 
Technology and performed in 
a variety of technical man- 
agemient positions at Fair- 
child, Intel, Monolithic Memo- 
ries, and National Semicon- 


| ductor before starting Xicor 


d= its first president. He 


COMING UP ROSES. The commitm 


ent to thick-oxide EEPROMs finally 
starts paying off for Xicor Inc.’s Tchon (left), Blank, Klein, and Owen. 


holds two patents. 

Owen, who joined the com- 
pany to direct its develop- 
ment of advanced memories 
in 1978, holds an MS in elec- 
trical engineering and _ previ- 
ously worked at Intel. As a 
process engineer and senior 
design manager, he was in- 
volved in the development 
and design of Intel’s HMOS 
memory products. 

Strategic planning vice 
president Tchon, who joined 
Xicor to aid in the develop- 
ment of its initial memories, 
is now principally involved ia | 
business planning, patent ac- 
tivity, and investor relations. 
With an MS in physics, Tchon 
holds 10 patents. Before Xi- 
cor, he held engineering pos- 
tions at Honeywell Informa- 
tion Systems and Intel. 

Blank, one of the origina! 
eight founders of Fairchild 
Semiconductor Corp. in 1957, 
has been a member of the Xi- 
cor board of directors since 
its founding. 
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© aigehoe ia play a vital role 
in circuit design, yet they have a 


number of problems. Their settings 
can change when exposed to vibra- 
tion. They are difficult to use with 
automatic insertion and soldering 
equipment. And trimming must be 
done by hand. 

A solid state potentiometer 
solves these problems. Packaged in 
an eight-pin minidip, an electrically 


X9MME functional block diagram 


Nonvolatile 
memory 


Transfer 


Wiper 
position 


decode 


Programming, 
control and 
power-on 
detect 


erasable (E”*) device called the 
XIOMME digitally controls re- 
sistance trimming. The device has 
three-wire TTL control and oper- 
ates from a standard 5-V power 
supply. Packaged in the dip is a 
99-resistor array. Tap points are 
between the resistive elements and 
at the ends of the array. A tap point 
can be connected to the wiper out- 
put Vw. 

Because the resistive elements 
are all equal, each has %9 the total 
resistance of the array. In a voltage 
divider application, moving the 
wiper up or down the array pro- 
duces a linear output on Vy, witha 
resolution of 1%. 

The tap point on the array is 
selected with three TTL inputs on 
the digital portion of the device. 
These inputs control a seven-bit 
up/down counter. To move the 
wiper tap point, the “chip select” 
line must be activated (CS = 
LOW), the wiper direction selected 
(U/D, up = HIGH, down = LOW), 
and a clock pulse provided to the 
INC input. Counter output is de- 
coded to select one of 100 tap 
points. 

Mechanical potentiometers es- 
sentially have a nonvolatile mem- 
ory; resistance does not change 
until the wiper is moved. In the 
XIMME, seven bits of nonvolatile 
E* memory retain the resistance 
value. When the device is de- 
selected after a wiper position 
change, the counter output is 
stored in memory. If power is re- 


TECH BRIEFS 


moved and subsequently restored, 
the nonvolatile memory contents 
are transferred to the counter and 
the last stored wiper position de- 
coded. Wiper position retention is 
100 years. 

The manufacturing and test cost 
of equipment produced in high vol- 
umes can be reduced when solid 
state pots are used. Because auto- 
matic insertion equipment can 
be used, the device is soldered and 
cleaned just like other electronic 
components. This eliminates spe- 
cial handling and cleaning steps. 
During board testing, automatic 


test equipment (ATE) can check 
the device and set wiper position. 
Hand operations are reduced, and 
the cost of supplemental test 
equipment is eliminated. 

Operator convenience can also 
be of prime concern in circuit de- 
sign. If the equipment operator or 
field technician must access the 
pot to make adjustments, the de- 
sign process is complicated. The 
X9MME, in contrast, can be 
placed anywhere in the circuit and 
still be controlled through key- 
boards or a microprocessor. 

As an example of how circuitry 
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can be simplified, consider a hy- 
pothetical car radio system. Con- 
trol might be by miniature rocker 
switches mounted on the steering 
wheel. The switch sense and 7-bit 
parallel-in-serial-out circuit could 
be implemented in either discrete 
TTL circuits or as a standard cell 
or programmable logic device. The 
microcontroller interface would be 
two wires, one for the shift clock 
and another for the interrupt and 
data transfer. The microcontroller 
actuates off/on, AM/FM selection, 
and tuning. Six port lines control 
volume, bass, treble and balance. @ 


Input 1 Input 2 


Bass 


DC operated 
tone/volume/ 
balance circuit 


Treble 


Balance 


Output1 Output 2 


X88C64: 


Improving Microcontroller Performance with a New E27PROM 
Richard Palm, Strategic Marketing Manager, Xicor, Inc. 


INTRODUCTION 


Today, the single-chip microcontroller is perhaps one of 
the most important building blocks in modern systems 
design, integrating a powerful microprocessor, RAM, 
program memory and peripherals all on a single-chip. 
Applications range from stand-alone embedded control- 
lers, such asin appliances, to elements of highly special- 
ized distributed processing systems, such as peripheral 
controllers. 


With the integration of more hardware onto the chip, the 
complexity of design has shifted from hardware to 
software. Single-chip microcontrollers whichcontrol such 
systems as automotive engine controllers are based on 
complex real-time control algorithms. This increase in 
the complexity of the software has emphasized a major 
applications problem with single-chip microcontrollers: 
that is, the software in a single-chip microcontroller is 
extremely “firm”. Once the internal ROM of the 
microcontroller is masked, the only way to change the 
software is to make anew mask and psychically change 
the microcontroller chip. The need to alter software in 
embedded controller systems is driven by several re- 
quirements. Some of these are listed below: 


1. Software revision to correct bugs. 


2. Software revision to improve algorithm. 
3. Initial or modified system configuration. 
4. Self-modifying code to adapt to systems operating 


environment. 


The “firmness” of the single-chip microcontrollers inter- 
nal Program ROM is compounded by the long manufac- 
turing cycle of a mask-programmed microcontroller. 
The time required to make a software change to a 
running series may be as long as 24 weeks, since it 
requires code submittal, verification, mask fabrication, 
wafer production, assembly and test. Couple this with 
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the fact that during this conversion time large quantities 
of the old version will be fabricated as the work in 
process is moved out of the line. One can easily see that 
the software internal to the microcontroller is very firm 
indeed. 


THE PROBLEM OF REPROGRAMMABILITY 
AND SINGLE CHIP 


Microcontrollers In a effort to “soften” the internal pro- 
gram memory of the single-chip microcontroller, many 
manufacturers offer versions of their devices which 
utilize EPROM instead of mask programmable ROM for 
the program storage. This enables the customer to 
program the chip just prior to its mounting on the PC 
board. This certainly solves many of the above men- 
tioned problems, or at least makes them more manage- 
able. Unfortunately, the EPROM versions of the single- 
chip microcontrollers are more expensive. They also do 
not lendthemselves to in-circuit reprogramming whichis 
desirable for many applications such as self-alterable 
code and service reprogramming. 


Many designers have developed ingenious methods to 
overcome these problems. A common technique is to 
use an external EPROM to store the program code. This 
provides many of the benefits of the EPROM version of 
the single-chip microcontroller without the associated 
cost. 


Many single-chip microcontrollers are capable of oper- 
ating ina mode in which two of the I/O ports are used as 
an Address and Data multiplexed bus to access external 
memory. In this case the UVEPROM can be removed, 
erased and reprogrammed; but this compromises the 
integrity of the enclosure and requires socketing the 
EPROM rather than soldering inthe component. Figure 
1 shows such a typical application, where an 
80C31 (ROMless version of the 80C51) is used with a 
27C256 EPROM. 
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Figure 1. Typical 80C31/UVEPROM 
Interface Circuit 
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An extension of the this approach allows in-situ re- 
programming of the program memory; a5-Volt EZAPROM 
is used instead of the EPROM. Since the software can 
now be altered in a byte-by-byte approach, new soft- 
ware can be downloaded to the microcontroller through 
its serialinterface. For this reason, an 8K X 8 E2PROM 
is sufficient for the program storage, since only one copy 
of the program needs to be resident at one time. Figure 
2 shows a typical 6803 implementation of such a sys- 
tem. Since the 6803 and other members of the 68XX 
family are based on a Von Neumann architecture, it is 
possible to write to program memory, which will allowthe 
system to update any bytes desired. Asingle R/W signal 
is decoded to provide the WE and OE signals for the 
X28C64. Since the X28C64 is a second generation 
E2PROM which features Software Data Protection, no 
hardware write protection is needed to prevent inadvert- 
ent write cycles from occurring during Power-up and 
Power-down. 


While this solution provides a high level of in-situ 
reprogrammability, there are afew disadvantages to this 
approach. During the relatively long internal write cycle 
time of the E2PROM instructions cannot be read from 
the same memory device. Therefore, care must be 
taken when the processor executes a write to the same 
device from which it is currently executing code. 


A technique which can be used with the Von Neumann 
type microcontrollers is to transfer the write and wait 
routine, usually only a few bytes long, into the internal 
RAM of the microcontroller. 


9-90 


Figure 2. Possible 6803 and Conventional 
E?PROM Circuit 
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With the Harvard type architecture this will not wor. In 
this case, or if the internal RAM cannot be spared, a 
secondary program memory chip needs to be added to 
the system. 


Given all of the above problems and complexity, it can 
easily be seen that an ideal solution is a single-chip 
microcontroller with about 8K Bytes of E2PROM on 
board. Attempts at providing on-board E2PROM have 
been made, but adding the complexity of EZ2PROM 
processing to the microcontroller chip has proven to be 
uneconomical. This is the reason for the development of 
the X88C64. 


X88C64: An E2PROM for Microcontrollers 


The X88C64 is an 8K Byte E2PROM which is designed 
specifically foruse as adata and for program memory for 
single chip microcontrollers. In addition to the normal 
industry standard features of todays third generation 
E2PROMS, such as 5-volt latched write operation, page 
mode write operation, toggle bit write completion notifi- 
cation and Software Data Protection, the device incor- 
porates several useful features tailored for the single- 
chip microcontroller. 


The first of these features is the bus interface. Rather 
than the normal separate address and data bus, the 
X88C64 features a multiplexed address and data bus 
designed to interface directly to the microcontroller 
without a latch for addresses or additional decoding 
logic. 
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The X88C64 also features an advanced write lock-out 
feature, called Block Protect, an extension of the indus- 
try standard software data protection. Block Protect 
provides programmable write protection for individual 
1K blocks of the array. 


Lastly, and perhaps most significantly, is the dual plane 
architecture, which allows the device to be read during 
the write cycle. The internal E2PROM array of the chip 
is divided into two 4K Byte blocks. A12 selects which of 
the two arrays is being accessed. The dual plane archi- 
tecture allows write operations to occur within one 4K 
Block, while simultaneously reading from the other 4K 
Block. As long as write operations occur in only one 
plane the other plane is free for program execution 
without interruption. By simply duplicating the write 
instruction in each half of the memory, it is possible to 
write to any location in the X88C64. An example of this 
willbe shown later. Figure 3 shows the block diagram for 
the X88C64. 


X88C64 and The 8051 family 


The X88C64 is configured to interface with virtually all of 
the 8051 family including the 8031 and 8048, and 
various other derivatives. Figure 4 shows how the 


Figure 3. X88C64 Functional Block Diagram 


Y DECODE 


X88C64 and 80C31 are connected. In this case, the 
nomenclature of the pinout of the X88C64 is exactly the 
same as the names referenced by the 80C31, and 
understanding the interconnection scheme is quite 
straightforward. The 8051 family is based upon a Harvard 
architecture where the data memory and the program 
memory are separate memory spaces, accessed by 
separate control signals. 


Program memory can only be read with a PSEN signal 
while Data memory canbe read or written using the RD 
and WR signals. Normally Program memory cannot be 
written. However, in order to update the program code 
the X88C64 allows the user to write any byte in the 
memory and also read any byte as either program 
instruction or data. 


The PSEN and RD signals are internally gated together 
in the X88C64 such that when either one of the two is 
low, the device will output program code or data. Thus, 
the separate memory spaces are combined. There are 
now 8K Bytes of program storage as well as 8K Bytes of 
data storage which are both the same data. In essence, 
the 8051’s Harvard architecture becomes a pseudo Von 
Neumann machine for software purposes. 


SOFTWARE 
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X88C64 and the X68XX Family 


Figure 5 shows the interconnection scheme between 
the X88C64 and a member of the 68XX family, the 
68HC11. Since the 68HC11 use a Von Neumann archi- 
tecture, the PSEN signalis not needed and is tied to Vcc. 
Tying PSEN to Vcc alters the manner in which the 
control inputs are interpreted, so that the device can 
easily be used in the 68XX type of systems. RD is tied 
to the E output of the 68HC11 and WR is connected to 
the R/W output. CE is tied to Vss, since the 68HC11 
requires that the program memory reside at the top of 
the memory map. If power consumption is an issue in 
the system, an extra inverter can be added to provide a 
decoded Chip Enable, which places the X88C64 into 
low power Standby mode when it is not selected. 


The 68HC11 processor uses a Von Neumann architec- 
ture where the program and data memory share the 
Same memory space; therefore, updating code is the 
same as writing data in the X88C64. 


Figure 4. 80C31/X88C64 Interface 
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Software Data Protection 


The X88C64 features industry standard software data 
protection (SDP). This is enabled via a three byte 
command sequence. Once enabled, the X88C64 is 
protected from inadvertent write operations during power- 
up and power-down conditions. 


Although SDP protects data integrity during these un- 
known bus state conditions, it still allows the system 
easy access to memory for data changes. Towrite to the 
device in the protected state, a three byte command 
sequence is written to the device followed by the byte or 
page data to be written. At the end of the write cycle the 
X88C64 is automatically returned to the protected state. 


Write Lock Out Block Protect 


Block Protect provides a second level of write protection 
for the end user. Block Protect allows the user to 
individually protect 1K x 8 segments of the array by 


Figure 5. 68HC11/X88C64 Interface 
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writing to the block protect register. Access to the 
register is gained through an extension of the SDP 
command sequence. Once a block has been protected 
all attempts to write to that block will be locked out until 
that block’s protection is specifically removed by rewrit- 
ing the block protect register. 


The significance of this feature varies from application to 
application. In many applications, it is desirable to have 
some software and/or data which can be altered by the 
applications software during normal usage, while other 
sections of the program and/or data canonly be changed 
at service intervals. By using the Block Protect, the 
X88C64 can initially be configured to allow write opera- 
tions only in non-protected sections of the chip. When 
the system is then serviced or re-configured, the proper 
sequence of byte locations and addresses could be 
passed to the microcontroller viaa serialinterface. This 
sequence will enable the write operation to the protected 
blocks, perform the write operations desired, and then 
return these blocks to the protected state. Since the 
sequence of write operations needed to perform this 
operation does not reside in the program memory of the 
microcontroller, there is no possibility of the device 
inadvertently executing this code. 


An additional level of data protection is provided by the 
WC or write control input. Since the X88C64 is com- 
pletely protected against any inadvertent write cycles 
during power-up and power-down by both the Software 
Data Protection and Block Protect features, the only 
remaining possibility of data corruption is in the event 
that the power fails in the middle of the byte write load 
cycle. At this point in the write operation, the address 
has already been latched into the device. Even if data is 
being output onto the A/DO-A/D7 outputs of the 
microcontroller, a power-failure may cause the 
microcontroller to go into Reset mode and all of the 
outputs willbe driven high. This low-to-high edge onthe 
WR input will be taken as the end of the byte write load 
cycle, and thus FF will be written into the location 
selected for the interrupted write operation, rather than 
the desired data. 


The Write Control input protects against this situation. 
The write control input can terminate a page or byte load 
operation at any time during the page load cycle time. 
External circuitry (inverter in the reset line) can hold this 
signal low except in the event of a power-fail condition. 
Inthis case, the WC signal goes high when system reset 
goes low, which terminates any page load operation in 
progress and prevent writing of invalid data. 


APPLICATIONS 


The X88C64 provides a single memory solution for 
microcontroller designs requiring varying degrees of 
system reprogrammability. This reprogrammability can 
occur during system operation as well as during normal 
system service or system reconfiguration. The flexibility 
of the device allows it to be used to store both 
reprogrammable software as well as set-up and configu- 
ration data. The architecture of the X88C64 provides the 
most cost-effective solution to nonvolatile 
reprogrammable program and/or data storage avail- 
able. Systems can be reprogrammed or reconfigured 
remotely through the microcontroller’s serial interface. 
Insome cases this can be done via phone link, or service 
module. Algorithms can easily be changed to meet the 
changing environment in which the system operates. 
Diagnostic data can be stored ina section of the X88C64 
to provide invaluable assistance in error identification 
and tracking. 


The added capabilities of Block Protect allows several 
levels of reprogrammablility to be assigned to various 
sections of the device. In systems such as digital televi- 
sions, the initial screen parameters can be stored ina 
protected area, which can than only be altered during 
service. In automotive engine controllers, certain preset 
emission standard data can be stored in a protected 
area, while the rest of the data and program can be 
altered as the operating environment of the engine 
changes, due to external conditions, age and wear. 
Security codes which allow special operations to be 
performed can be stored in a protected area, while other 
data and programs can be changed freely. In cellular 
telephones, preset frequencies and security datacanbe 
stored in the protected area while phone numbers and 
other user defined functions can change freely. 


CONCLUSION 


The X88C64 is the perfect complement to any single- 
chip microcontroller design. The device provides 8K 
Bytes of data and/or program storage with an interface 
which eliminates the need for any support logic. The 
advanced features of the device such as the dual plane 
architecture and Block Protect provide advanced capa- 
bilities not previously available and opens the door to 
alterable nonvolatile program and data store in 
microcontroller systems. 
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Recent Trends in Embedded Control Memory 


Clifford Zitlaw, Application Manager, Xicor, Inc. 


INTRODUCTION 


The proliferation of embedded controllers into new en- 
vironments has led to a second generation of “applica- 
tion specific” memories. Memory manufacturers have 
developed devices with architectural and operational 
characteristics that address specific design require- 
ments. The new devices complement or even replace 
on-board ROM, RAM, or EEPROM memories found on 
most microcontrollers. 


This paper will briefly describe several memory families 
Suited to specific embedded control environments and 
then focus on a “controller-specific” EEPROM device 
recently released by Xicor Inc. 


MEMORY OVERVIEW 


SERIAL MEMORIES: The majority of controllers sold 
for embedded applications are ROM based and offer 
different densities of on-board RAM and EEPROM for 
data storage. Off-board serial memories often provide a 
more cost effective solution then designing in a control- 
ler with extended on-board data memory. Serial memo- 
ries basedon EEPROM, Ferroelectric, SRAM, or DRAM 
technology are now available with features tailored to 
specific environments. 


Most serial devices provide an interface to one of the 
standardized serial busses offered on many 
microcontrollers. These standard busses provide an 
effective means of moving data back and forth between 
the microcontroller and a serial memory. Three of the 
more popular busses include the MICROWIRE™ bus 
(National Semiconductor), SPI bus (Motorola), and the 
IIC bus (Philips). 


lf a standardized bus is not available, general purpose 
I/O port lines can be used to communicate with a serial 
device. This implementation uses software to emulate 
the bus protocol. While there is added software over- 
head, this is the only method possible when a controller 
without a standardized serial port is used. 


' Portable applications are demanding that components 
consume less current and operate at lower voltages. 
Therefore, many manufacturers are offering devices 
that operate at supply levels of 3.0 volts or below and 
consume less than 1mA when in active mode. 


MICROWIRE ™ js a trademark of National Semiconductor 
©Xicor, 1991 Patents Pending 
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EMERGING TECHNOLOGIES: Two technologies that 
have recently been introduced may have a place em- 
bedded control environments. 


Ferroelectrics offer many of the nonvolatile storage 
features provided by EEPROMs and battery backed 
SRAMs. While process development is still underway, 
Ferroelectrics could eventually become a significant 
technology for non-volatile memory devices. 


A new twist on EEPROM technology has led to the 
development of a device capable of storing analog 
signals. Each bit inthis EEPROM stores an analog level 
instead of the 1 or O stored in traditional memory 
devices. This new family of devices is well suited to 
applications where analog data logging is to be per- 
formed. 


HIGH SPEED MEMORIES: High performance prod- 
ucts, such as laser printers, are using controllers with 
processing capabilities unheard of a few years ago. 
These high performance applications require much more 
sophisticated memories than those used by traditional 
microcontrollers. Parallel EPROM devices with cache- 
like features have emerged to keep up with the require- 
ments of newer high-performance controllers. 


DATA AND PROGRAM STORAGE: ROM-less control- 
lers Operate by accessing off-chip program memory 
stored in parallel memory devices. External memory 
requirements include program and often data storage. 
Recently introduced EEPROM based products address 
the needs of both program and data storage in low-end 
controller environments. The X88C64 from Xicor Inc. 
provides EEPROM program and data storage for 
microcontrollers in a single package. 


EXTERNAL MEMORY FOR MICROCONTROLLERS 


The time and expense required to implement program 
changes in ROM based microcontrollers often makes 
external program memory an attractive alternative. 
EPROM based controllers are available at a substantial 
price increase but they do not address applications 
where additional data storage is required. In situations 
where on-board data memory is inadequate an interface 
to external memory becomes a design requirement. 
Therefore, most 8 bit microcontrollers offer the ability to 
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access off-board memory for program and data storage. 
An external memory interface is implemented by rede- 
fining |/O ports as the address, data, andcontrol busses. 


Microcontrollers with the ability to access external 
memory usually have a multiplexed address and data 
bus to reduce the number of pins required for the 
external interface. Figure 1 shows how an EPROM can 
be interfaced to a microcontroller to increase program 
storage. The implementation shows effectively increases 
the program and permanent data storage of the circuit 
but does not change the amount of programmable data 
memory. 


To increase the amount of alterable data storage a 
second memory device must be added as shown in 
Figure 2. EEPROMs are often chosen for data storage 
due to their nonvolatile characteristics. The addition of 
programmable data storage can be implemented by 
using aparallel device as shownorwithaserial EEPROM. 


One advantage of using a parallel device is that part of 
the program code can reside in EEPROM which allows 
for in-circuit program updates. One of the problems that 
must be solved when using EEPROMs for program 
storage is that during a programming cycle, taking up to 
10mS, data cannot be read from the device. Because 


Figure 2. Two External Memory Devices 


ADO-AD7 


ALE 


A8-A12 


A13-A15 


PSEN 
RD 


WR 


9-96 


Figure 1. External Memory Configuration 
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data cannot be read during an EEPROM write cycle 
processor fetches must take place from a second memory 
device. The lack of a “read while write” feature makes it 
awkward or often impossible for a traditional EEPROM 
to be used as the only external memory device. 


X28C64 
EEPROM 


2000H WE 
CE 
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Figure 3. X88C64 Functional Block Diagram 
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X88C64 DESCRIPTION 


To solve the “read while write” dilemma Xicor developed 
the X88C64. The X88C64 is the first in a family of 
devices offered by Xicor that are designed specifically 
for microcontroller environments. Figure 3 shows the 
block diagram of the X88C64. The X88C64 provides an 
architecture consisting of 2 independent 4K by 8 
EEPROM memories. Because each half plane is inde- 
pendent of the other a write cycle can take place in one 
plane while op-code fetches are being performed from 
the opposite plane. The ability to read while a write is 
taking place is a unique feature that allows the X88C64 
to fill the external program and data requirements in 
many microcontroller applications. 


Most microcontrollers provide a multiplexed address 
and data bus to reduce the number of pins required for 
an external memory interface. The X88C64 supports 
this multiplexed bus structure by latching an address 
when the ALE input makes a high to low transition and 
transferring data while ALE is low. The multiplexed bus 
feature eliminates the need for the external address 
latch required when a traditional byte wide memory is 
used. 
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The ability to insure data integrity in an EEPROM has 
been a design concern for as long as EEPROMs have 
been available. Inadvertent writes during power up and 
power down are especially difficult to prevent in 
microcontroller based environments. The X88C64 pro- 
vides 2 different software methods of insuring that 
inadvertent writes do not occur. 


The first method required a 3 byte write sequence to 
occur immediately before new data is written into the 
X88C64 (Figure 4). This method is similar to the industry 
standard software data protection (SDP) algorithm used 
on newer generation EEPROM devices. Each write 
operation in the 3 step sequence uses a different ad- 
dress/data combination. This unique combination of 
writes to the device before data is transferred virtually 
eliminates the possibility of inadvertent write operations. 
The state of A12 defines where data will be written 
during the SDP/data transfer sequence. Having A12 
define which plane is to be written means that the 
address sequence used during the 3 step SDP se- 
quence must be modified slightly depending upon which 
half plane is being altered. 
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Figure 4. SDP Sequence 


WRITE AAH 
TO X555H 
WRITE 55H 
TO XAAAH 


WRITE AOH 
TO X555H 
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A second level of software data protection has been 
provided with the nonvolatile block protect register (BPR). 
The BPR is an internal byte of EEPROM memory with 
each bit controlling the write protect status of one of the 
eight 1K byte blocks. While a block is protected the data 
inthat segment can no longer be changed. If a protected 
block needs to be modified its write protect bit inthe BPR 
must first be reset before the block can be written. 


Modifying the BPR is performed with a 6 byte sequence 
similar to the SDP sequence described earlier. Each bit 
inthe BPR controls the write status in a different 1K byte 
block. Bit 0 controls the write protect status of addresses 
0000H-03FFH, bit 1 controls addresses 0400H-07FFH, 
etc. 


In addition to the software controlled write protect 
mechanisms on the X88C64 a hardware write control 
pin (WC) has been provided. Writes to the X88C64 will 
be inhibited while the WC input is held at a high level. If 
a write cycle is in progress when the WC pin goes high 
the write will be allowed to complete and then the 
X88C64 will enter a protected state. 
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X88C64 INTERFACE TO THE 8031 


The X88C64 features an interface specifically designed 
to be compatible with the Intel 8051 family of 
microcontrollers. The ROM-less version of the 8051, the 
8031, is the ideal microcontroller for an X88C64 inter- 
face. The interface has beendesigned so that an X88C64 
can be directly connected to the 8031 with no supporting 
glue logic (figure 5). The pins on the X88C64 are given 
the same names as the pins they connectto onthe 8031. 


Figure 5. 80C31 and X88C64 Interface 


X88C64 
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The 8031 memory space is broken into separate pro- 
gram and data areas. Read/Write data memory is ac- 
cessible with the WR and RD outputs on the 8031. 
Program memory is read only with access controlled by 
the 8031’s PSEN line. Direct in-circuit program modifi- 
cation is not possible because the 8031 does not provide 
any way to write to the program memory space. The 
traditional work-around to allow writes into program 
space uses glue logic to map a memory device into both 
data and program space. The X88C64 maps both pro- 
gram and data memory into the same 8K by 8 address 
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space to provide write capability to both memory spaces. 
Because of the dual plane architecture, program execu- 
tion can continue out of one plane while a write is done 
in the other plane. This concurrent Read Write (TM) 
feature makes the X88C64 an ideal choice when in- 
system program updates are required. 


The multiplexed address/data bus interface on the 
X88C64 is designed to connect directly to the 8031. 
Data transfer protocols on the AD lines and the ALE 
polarity match the requirements of an 8031. The 
X88C64’s multiplexed bus eliminates the external ad- 
dress latch required when traditional byte wide memo- 
ries are used. 


lf the 8K by 8 EEPROM density of the X88C64 is 
adequate for external memory requirements the inter- 
face to an 8031 requires no glue logic. The CE input is 
connected to the A15 pin of the 8031 which maps the 
X88C64 into the memory space between OO00H and 
1FFFH. Allother pins are connected directly to the pins 
with the same names on the 8031. This 2 chip solution 
provides all of the functionality of the 6 chip circuit shown 
in Figure 2. 
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The reduced parts count made possible by the 88C64 
provides several advantages over the multi-chip exter- 
nal memory configuration. The most obvious advantage 
is that circuit complexity decreases as the number of 
devices drop. A second improvement is in the reduced 
printed circuit board space required to implement similar 
Circuit functions. Manufacturing rework rates should 
drop as the number of devices on a PCB goes down. 
System reliability will also be improved because there 
are fewer components to fail on the PCB. The advan- 
tages provided by the X88C64 makes it an attractive 
alternative to bytewide memories in ROM-less control- 
ler applications. 


CONCLUSION 


As microcontrollers proliferate into new environments 
niches will continue to develop for peripheral memory 
devices to support specific design requirements. Memory 
manufacturers are becoming increasingly responsive to 
the applications requirements of the embedded control 
market. This trend will quite possibly continue until 
traditional bytewide memories are displaced by devices 
targeted at specific microcontroller environments. 
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INTRODUCTION 


The X28C64 and X28C256 are nonvolatile byte- 
wide E2PROMs configured as 8K x 8 and 32K x 8 
respectively. Both devices are compliant with the 
JEDEC approved pinout for byte-wide memories. 
Both devices operate on a single 5V power supply 
and feature byte or 64-byte page write, DATA Poll- 
ing, Toggle Bit and Software Data Protect opera- 
tions. 

The memories are fabricated using Xicor’s propri- 
etary textured poly technology. They are designed 
for applications requiring extended endurance and 
data retention characteristics greater than 100 
years. 

Through rigorous environmental and electrical 
stress testing, the reliability of these devices has 
been well characterized. This report is a presenta- 
tion of the data accumulated in testing these devic- 
es and supporting information needed to fully utilize 
the parts. 

Figure 1 shows the DIP pin configurations for both 
the X28C64 and the X28C256; Figure 2 shows the 
functional block diagram for the X28C256; and Fig- 
ures 3 and 4 illustrate the physical location of the 
address bits. 
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Figure 1: X28C64 and X28C256 DIP pin configurations. 
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Figure 2: X28C256 functional block diagram. 
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Figure 3: X28C64 physical bit map. 
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Figure 4: X28C256 physical bit map. 
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RELIABILITY STUDIES AND 
RESULTS 


Before Xicor qualifies a process, it is subjected to 
accelerated stress testing to characterize potential 
reliability hazards. The major failure mechanisms 
that exist are: electromigration in contacts and inter- 
connects, threshold voltage degradation due to hot 
Carriers, corrosion damage due to moisture, and ox- 
ide failures due to E7PROM operation. 

Once these failure mechanisms are characterized 
and understood, then a product designed using this 
process must meet further constraints in circuit lay- 
out, ESD protection and latch-up protection. These 
parameters can be varied to further enhance pro- 
cess reliability in the product. 

The device is subjected to a series of tests in- 
tended to accelerate device degradation and uncov- 


er flaws in processing or manufacturing. MIL-M- 
38510 and MIL-STD-883C, Method 5005, Groups A, 
B, C and D criteria have been the guide for electrical 
testing, environmental stress testing and package 
reliability testing. 

A summary of product reliability testing and con- 
siderations includes the following: 


High Temperature High 
Voltage Dynamic Lifetest 


This test consists of continually reading a device 
at elevated temperature. Voc is set between 5.25V 
and 6.5V, and the device address is incremented in 
a binary sequence every 25 us. Its purpose is to 
uncover latent oxide defects and failures by induc- 
ing electrical overstress. The data is shown in Ta- 
bles | and Il. 


[a] EOS damage due to latch-up 
[b] Oxide defect: 0.6eV 
[c] Contact electromigration: 0.9eV 


Table |: X28C256 high temperature high voltage dynamic lifetest data. 
(+ 12°C, 5.25V-6.5V) 


0 
ae 
rsa | of a 
0 
Qa | o |? 


[a] Unrelated test failure: broken lead 
[b] lonic contamination: 1eV 


Table Il: X28C64 high temperature high voltage dynamic lifetest data. 
(+ 125°C, 3.Z5V) 


| 168Hrs. | 500Hrs. | 1000Hrs. | 1500Hrs. | 2000Hrs. | y 
Lot # 

| # Fail Fail | # Ine In | # Fail | Fail | # In | In | # Fail | Fail  # Ine In | # Fail | Fail  # In In | # Fail | Fail | # ine In 
Teo [| 1 | eotei/ 0 | vals) 0 | valet | sasv | atavea 
reso | wo] o | 10) | | |_| s2sv| 191602 
Prova | 0 [ree 0 Pao 1 ao 


Device 
Hours 


Paro fam [ __[iorera0 


High Temperature Data 
Retention Bake 


This test induces data retention failures by simu- 
lating accelerated storage times. Various aspects of 
retention as it pertains to reliability are discussed 
more fully in Xicor publication RR-515: Data Reten- 
tion in Xicor E7PROMs. 

The test is also useful in investigating failures 
caused by mechanical stress (e.g. bond wire lifting). 

The data for this test is presented in Table Ill. 


[a] Oxide defect: 0.6eV 


Table I/l: X28C64/X28C256 data retention bake results. 
(+ 250°C) 


| 4etrs. | teers. | soors. | 1000Hrs. | 1S00Hrs. | 2000 Hrs. _ 
oe bend Cen eeeeTaT # In 
| 1 | xescess| o | eo | o | a | o | | o | | oO | 80° 
| 2 |xescess| o | 61 | o | | o |e] o | or) o | 6 | 
| 3 | xescea | 0 | 25 | 0 | a5 | oo | a5 | 0 | a5 | 1 | asta 
| 4 | xeecea | 0 | 25 | 0 | 25 | 0 | | 0 | | o | 25 | 
| 6 | xescea | 0 | 25 | 0 | 25 | oo | | oo | a5 | oo | 5 
6 | xescea| 0 | 25 | o | | o | a] o | | o | 25 
Totas| | 0 jaar] o [ea] o | at] o | ear] 1 | 2at | 


Low Temperature Lifetest 


This test is performed at —40°C and is used to 
detect hot electron trapping in the gate oxide. 
These are energetic electrons which exceed the 
thermal ambient. Data is presented in Table IV. 


Temperature Cycling 


This test is designed to promote device failure 
due to a thermal mismatch between the package 
and die. The devices are cycled between —65°C 
and +150°C in an air-to-air environment with 10 
minute dwell cycles. This data is shown in Table V. 
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Table lV: X28C64/X28C256 low temperature lifetest data. 
(—40°C, 5.25V) 
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Table V: Temperature cycling data. 
(-—65C lo + 150°C) 


Endurance Cycling to End-of- 
Life 


Figure 5 shows device endurance results ob- 
tained by changing the data in the entire array to the 
opposite logic state via mass mode cycling. Device 
endurance is also characterized by page mode cy- 
cling. In this method, each byte or 64-byte page is 
changed sequentially. This data is presented in Fig- 
ure 6. Further details on endurance cycling are pro- 
vided in Xicor publication RR-510: Endurance of 
Nonvolatile Memories. 

Xicor specifications call for a failure rate of less 
than 1% for 10,000 data changes per bit. Typically, 
Xicor devices perform far in excess of this. 


Latch-Up Considerations 


Latch-up is an inherent fabrication problem in 
CMOS devices due to the fact that during process- 
ing, parasitic bipolar transistors are created in addi- 
tion to the desired MOS FETs. Design rules to re- 
duce this susceptability have been developed and 
are incorporated into Xicor CMOS devices. Further 
details may be found in Xicor publication RR-516: 
Latch-up Considerations in Xicor CMOS Processes. 


ESD Evaluation 


ESD testing is done in accordance with require- 
ments specified in MIL-STD-883C, Method 3015.6, 
Notice 7. This document provides guidelines for 
testing semiconductor devices to human body mod- 
el discharges. 

The X28C64 and X28C256 are compliant to Class 
2 (> 2000V) sensitivity protection. 
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Figure 5: Endurance value distribution plots for X28C64 and X28C256 
cycled in mass mode. 
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Note: Page mode cycling stopped at 7 million cycles for the X28C64 and 
1.5 million cycles for the X28C256 to free cycling equipment for other 
tests. 


Figure 6: Endurance value distribution plot for X28C64 cycled in page 
mode. 


Prediction of Failure Rates 


Failure rate calculation is easy once the basis for 
calculation is established. Most semiconductor fail- 
ures are accelerated to some degree by tempera- 
ture or voltage, or both. The classic parameter used 
to accelerate failure rates is temperature. The de- 
gree to which any given failure mode is accelerated 
by temperature is known as the activation energy or 
as the temperature acceleration factor. 

The temperature dependence of a particular fail- 
ure mechanism can be derived from the Arrhenius 
model as follows: 

( 1 1 
% kb 


Tat = Temperature acceleration factor 


where: 


E, = Activation energy required to initiate the 
failure mechanism 


k = Boltzmann’s constant 


T; = Operating temperature 
To = Stress temperature 


Knowledge of a particular failure mode’s activa- 
tion energy allows one to predict long-term failure 
rates under normal operating conditions. If the acti- 
vation energy is not known, it can be determined 
experimentally. 

Typical failure mechanisms and their correspond- 
ing activation energies are: 


Oxide Breakdown 0.3eV 
Electromigration 0.55eV 
Oxide Defect 0.6eV 
Contact Electromigration! 0.9eV 
lonic Contamination 1.0eV 


For time dependent dielectric breakdown, voltage 
acceleration also plays a part.2 A voltage accelera- 
tion factor may be computed using the following 
model: 


Es = Stress electric field = Vs/To, 
(voltage over oxide thickness) 


Es — Eq 


Vat = Exp ( oe 
& 


where: 


Vat = Voltage acceleration factor 


Eq 
E er 


Operating electric field 
Field constant = 0.062 MV/cm 


| 
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The voltage acceleration factor is dependent on 
the electric field and must be calculated for the par- 
ticular voltage stress and oxide thickness where the 
failure occurred. 

The data presented here is translated into failure 
rates occurring at normal operating conditions of 
T = 55°C (where T is the junction temperature), and 
Vcc = 5.5V. The power dissipation on-chip raises 
the junction temperature by Icc X Vcc xX Oya, 
where @ ja, the thermal coefficient, is equal to 
23°C/W. Since the X28C64 and the X28C256 are 
both CMOS devices, the power dissipation is very 
low. 

Xicor nonvolatile memory failures follow the clas- 
sic bathtub curve shown in Figure 7. 
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Figure 7: Illustration of bathtub curve of failure rates showing regions in 
which infant mortality, random failures, and wearout mechanisms 
dominate the failure rate. 


Each region of this failure rate curve has specific 
failure modes which predominate. For example, the 
infant mortality region is dominated by failures which 
arise from processing defects. In production, test 
flows are designed to eliminate these infant mortali- 
ty failures by screening, which reduces the inci- 
dence of early life failures. 


The random failure region, which is the invariant 
bottom of the curve, is used to find the constant FIT 
rates calculated in Tables VI and VII. Failure rates 
are calculated separately for each activation energy, 
and the total failure rate is obtained by adding the 
individual numbers. Reliability predictions are then 
based on an exponential distribution of each failure 
mode. Since the failures are random in time, they 
follow the Poisson distribution function, and the fail- 
ure rate is constant. The consequence of this is that 
the failure rates for each failure mode are additive, 
which makes the distribution calculation mathemati- 
cally tractable. Predicted failure rates are calculated 
from actual failure rates by making a probability esti- 
mation based on the Chi-Square Distribution. By 
definition, a 60% confidence level means that there 
is a 60% probability that the failure rate is normally 
distributed around the calculated number. 


Table Vl: 60% UCL failure rate predictions for X28C64. 


Table Vil: 60% UCL failure rate predictions for X28C256. 
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End-of-life endurance is found to be dependent 
on array size, process technology and memory cell 
design. For reliability purposes, the end-of-life of a 
device is taken to be the end-of-life of the weakest 
bit. The mechanism for this failure is known to be 
oxide trap-up, and can be fitted to an extreme value 
distribution. Typical end-of-life cycling for the 
X28C256 is 5,000,000. For the X28C64, the typical 
end-of-life cycling figure is 2,000,000 cycles. For 
page mode cycling, the typical figures are greater 
than 3 million for the X28C64 and greater than 1.5 
million for the X28C256. Thus, extremely low failure 
rates can be expected in typical applications, even 
at 100,000 or more cycles. 


60% UCL 


Failure rate predictions based on this data show a 
negligible infant mortality rate out in the field (due to 
extensive pre-shipment screening), and predicted 
long-term failure rates of 185 FITs for the X28C64 
and 137 FITs for the X28C256 at 55°C with a 60% 
UCL. These numbers are representative of the 
smaller samples typically available for data analysis 
and not of the much larger numbers available in 
production runs. 


Reliability Monitors 


To maintain Xicor’s quality standards, current pro- 
duction material is systematically sampled and sub- 
jected to the same type of stresses and testing 
used in the qualification procedures. This serves to 
enlarge the Reliability Department’s statistical data 
base. Failure analysis is performed on material sam- 
ples and results are published as part of Xicor’s on- 
going monitor program. 
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SUMMARY 


The data presented here shows that the X28C64 
and X28C256 are both extremely reliable products. 
Product reliability testing shows low semiconductor 
failure rates and high end-of-life endurance figures. 
Inherent data retention in these devices is in excess 
of 100 years. 

These conclusions are based on monitor and de- 
vice analysis data accumulated over the relatively 
short lifetimes of these devices. As production con- 
tinues, more data is obtained through the ongoing 
reliability monitor system, increasing the number of 
candidate devices, and improving the ability to make 
statistical inferences. All FIT rate methods and cal- 
culations used here give conservative values. 
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Notes: (1) WE must always be hardwired to Vcc (pin 28) at device as shown. 


(2) All resistors: 
1% metal film 
1/4W 


(3) 1/0 pull-up: 3300 
(4) Pin 1 (Ay4) and Pin 26 (Aj3) are no connects for X28C64. 


X28C64/X28C256 (DIP) Burn-in circuit. 
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Notes: (1) Ag-Aj4: binary sequence every 25 us. 


(2) WE disabled (tied to Vcc at device). 

(3) Vin Low: < 0.8V. Vin High: > 2.4V 

(4) Vcc: 5.5V 

(5) X28C64: address pins Ag-Aj2 are utilized. 


X28C64/X28C256 (DIP) Burn-in timing diagram. 
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NOTES 
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INTRODUCTION 


In Xicor nonvolatile memory devices, data con- 
sists of ones and zeroes stored in the memory array 
in the form of charge retained on a floating gate. 
During the course of normal operation charges may 
be added to or lost from the floating gate. The time 
elapsed between the original transfer of electrons 
by the act of programming or erasing, and the first 
erroneous read-out from that memory cell is called 
retention. The operating conditions during the time 
period considered may vary widely. Only those con- 
ditions permitted by the data sheet need to be con- 
sidered in its definition. The memory device under 
consideration may be a single transistor, or it may 
be a large array of memory cells embedded in pe- 
ripheral circuitry to function as an E2PROM. In éi- 
ther case, the first repeatable malfunction of one 
single memory cell during read-out defines the end 
of the retention of that particular device. 

The intrinsic retention in Xicor E2PROMs is calcu- 
lated to be many millions of years. However, defects 
introduced during the manufacture of the memory 
device may cause the retention to be less than the 
ideal intrinsic characteristic. 

Retention is therefore a reliability problem, and its 
criterion is its failure rate. Xicor guarantees a failure 
rate expressed as “5 FITs at 55°C, 60% upper con- 
fidence limit”. The meaning of this statement, and 
the reasons leading to it are explained in the para- 
graphs following this introduction. In most details, 
they are based on the section on Retention in the 
forthcoming IEEE Standard on Floating Gate Arrays. 


FLOATING GATE RETENTION: 
A CAPACITOR DISCHARGE 
PROBLEM 


Charge stored on a floating gate may be thought 
of as charge residing on one plate of a capacitor, 
separated from the other plate by the intervening 
dielectric. Even when all surrounding conductors are 
grounded, the potential due to the stored charges 
will cause a very slow discharge through the opera- 
tion of the Fowler-Nordheim tunneling mechanism. 
Retention can be modeled and predicted by the ex- 
pression: 


tk = {C/AB} * EXP (B/Vt), 


where tp is the retention time, C is the capacitance 
of the floating gate, Vt is the effective voltage due to 
the stored charge at which failure occurs, and A and 
B are constants of the Fowler-Nordheim equation. 


When measured values for all the variables on the 
right-hand side of the equation are substituted, re- 
tention times well in excess of several million years 
are obtained. This long term retention is an intrinsic 
property of Xicor’s proprietary floating gate memory 
technologies, and can be expected as a feature of 
all Xicor memory cells. 

At high temperatures, electrons will also be trans- 
ferred by Schottky emission, which is dependent on 
temperature, activation energy, and applied field. 
This mechanism is described by the Schottky-Rich- 
ardson equation, which has the form describing the 
forward current in a Schottky diode. It is this mecha- 
nism that gives rise to a temperature dependence of 
retention, and a measurable activation energy of 
1.7eV. With intrinsic retention times exceeding mil- 
lions of years in the operating temperature range, it 
is clear that real time retention data cannot be mea- 
sured. Only under extremely high accelerating tem- 
perature conditions can retentions on the order of 
months be measured. These measurements can 
then be translated into retention times of approxi- 
mately 50 billion years at 55°C. 

In rare and isolated instances, physical process 
defects can occur in a memory cell. These defects 
may give rise to new values for the cell variables 
and thus result in shorter retention times for the af- 
fected cell. Activation energies of 0.6-0.8eV have 
been measured for such defects. 


Retention in Integrated 
Circuits 


The distinctions between retention in a single 
memory cell and in an integrated system such as a 
memory device are threefold: First, there are typical- 
ly a large number of cells in any memory device. 
Since a data retention failure is determined by the 
first cell to fail, data retention in the device is statis- 
tically dependent on both the number of cells and 
their distribution. 

Second, being part of a larger system, the cells 
are exposed to a more varied set of operating con- 
ditions. This is due to the diverse needs of the sys- 
tem represented by the chip, and not the simple re- 
quirements of a single cell. 

Third, the presence of a very large number of 
cells increases the probability that one of them will 
contain a defect. In high density E2PROMs it can 
therefore be expected that retention (the failure of 
the first cell) will have a component, however small, 
that is determined by the defect density inherent in 
the technology. Structural defects which give rise to 
infant failures can be eliminated by production 
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screens. However, the ultimate retention failure rate 
is caused by statistical defects inherent in any given 
oxide process. 


The Reliability Aspects of 
Retention 


The specification of retention is a way of specify- 
ing the life expectancy of the data stored in a mem- 
ory device. The concern for retention is with failures 
occurring in three phases of the devices’ life cycle: 
a. early in life (infant mortality); b. random failure 
rate during normal use; and c. the intrinsic failures 
near the end of life. This can be illustrated by the 
typical aspects of the classic ‘bathtub curve”’, 
shown in Figure 1. 
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Figure 1: Illustration of bathtub curve of failure rates showing regions in 
which infant mortality, random failures and wearout mechanisms 
dominate. 


Infant mortality cases are screened out by specif- 
ic tests before shipment of the product. Some will 
fail during initial write-erase operations. Some are 
found by an accelerated voltage stress. Others are 
caught during a 48 hour storage at 150°C. The last 
are eliminated by a combination of endurance cy- 
cling and retention bake. A constant random failure 
rate is an indication that infant mortality cases have 
been eliminated. Since infant mortality failures are 
screened out during normal testing, they need not 
be considered a system (end user) reliability prob- 
lem. 

Intrinsic retention failures at the end of device life 
are determined by the structural design, technology 
and processing of the memory cell. These failure 
rates give rise to data retention times many orders 
of magnitude larger than equipment lifetimes. Suc- 
cessful measurements of intrinsic retention values 
have required temperatures of 300, 325 and 340°C 
to determine mean intrinsic retention times of 3000, 
90, and 330 hours respectively, and an activation 
energy of 1.7eV. These translate into retention 
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times of 1.2 million years at 125°C, 3.6 billion years 
at 70°C and 50 billion years at 50°C. This was dem- 
onstrated in Xicor’s Reliability Report RR-502A. 

The high accelerating conditions make an exact 
linear extrapolation to normal temperatures difficult 
with major additional work. Thus, this type of analy- 
sis serves mainly to confirm the very large retention 
times predicted for floating gates obeying Fowler- 
Nordheim tunneling laws. 

This leaves the specification of the random failure 
rate during normal use as the most practical mea- 
sure of data integrity. A common measure of the 
random failure rate is given by the number of fail- 
ures per 1000 device hours, or the percentage of 
failures per 1000 hours, both of which can be ex- 
pressed as FITs ([Number of failures x 1E9]/[Num- 
ber of devices x Number of hours tested]). Since a 
random failure rate has to be determined under ac- 
celerated temperature conditions, the specification 
must include the temperature to which the acceler- 
ated data have been normalized. In addition, a con- 
fidence level must be included which (by standard 
statistical techniques) weights the failure rate esti- 
mate according to the number of data points used in 
deriving it. 


Xicor’s Specification of 
Retention 


The Xicor specification for retention is a failure 
rate of “5 FITs (upper bound at the 60% confidence 
level) at 55°C’’. This follows the practice established 
for (UV erasable) EPROMs, which is a floating gate 
memory technology with a fifteen year data base. 

The value of 5 FITs represents a mean time to 
failure of 25,000 device years. Another way of ex- 
pressing this is as a failure rate for a specified reten- 
tion time. For a 10 year retention, the failure rate is 
0.044%. 

For comparison, typical (UV erasable) EPROM 
products have retention failure rates of 20 FITs. The 
lower failure rate of E2PROMs is due to the fact that 
their internal high voltage capability acts to cause 
immediate failures due to defects that would not be 
affected by the lower voltages in UV erasable 
EPROMSs. 

The retention specification as given, includes the 
failure rate stated as failure units (“FITs’’), the tem- 
perature at which it is valid, and the statistical confi- 
dence level valid for the stated failure rate. For its 
significance in typical commercial applications and 
for easy comparison with similar EPROM data, Xicor 
has chosen 55°C as the reference temperature. 


This is the temperature to which the data taken at 
accelerated temperatures are normalized. The nor- 
malization is performed by the accepted use of the 
Arrhenius equation, and an activation energy of 
0.6eV. Failure rates at other temperatures can also 
be calculated from the specification given at 55°C, 
with the help of the same Arrhenius equation and 
the activation energy of 0.6eV. 

The use of a confidence level follows standard re- 
liability practice. When only a few data points (reten- 
tion failures per year) are recorded, there is a finite 
chance that they were the result of fluctuations that 
will make the measured failure rate appear better 
than the true average. Multiplying the experimental 
failure rate by the proper factor increases it enough 
to ensure that it will include 30% of the data that 
are larger than the average. When this factor has 
been used, the failure rate is reported at the “60% 
confidence level (upper bound)’’. In principle, the 
choice of a confidence level (expressed as a per- 
centage) is somewhat arbitrary. However, once a 
given level has been defined, the failure rate stated 
under its condition can be converted to the value 
proper for any other level. The 60% level chosen 
for this specification has the advantages of simplici- 
ty and industry acceptance. 


The Determination of 
Retention Failure Rate 


For the measurement of retention failure rates, 
the acceleration required is somewhat reduced. The 
activation energy of the mechanism involved in the 
random failure of floating gate retention has been 
determined to be near 0.6eV in both (UV erasable) 
EPROMs and in E2PROMs. In order to confirm a 
failure rate to be equal to or lower than 5 FITs (up- 
per bound at 60% confidence level, at 55°C), at 
least 75 devices must be stored for 1000 hours (6 
weeks) at 250°C. For zero failures at 60% confi- 
dence level: 1/(75*1000) = 13,333 FITs. When this 
is divided by 2,724 to extrapolate from 250°C to 
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55°C the result is 5 FITs. This high temperature ne- 
cessitates the use of ceramic packages. Plastic 
packages are limited to a temperature of 150°C. At 
that temperature, a much larger number of device- 
hours is necessary to confirm a rate of 5 FITs. 

The actual retention failure rate is determined by 
a test called the ‘Retention Bake’. The devices are 
stored unpowered at high temperature with a preset 
(typically checkerboard) data pattern. Devices in 
plastic packages are stored at 150°C, and ceramic 
package devices are stored at 250°C. They are then 
read from time to time. The failures are analyzed, 
and some are identified as retention failures. 


SUMMARY 


The time of retention for data in a Xicor E2PROM 
memory cell is inherently on the order of millions of 
years. This can be projected theoretically on the ba- 
sis of a closed form mathematical expression for 
charge loss that has been verified experimentally. 
This can also be confirmed by extrapolating experi- 
mentally obtained data at high temperatures to nor- 
mal operating temperatures. 

The exact knowledge of this intrinsic retention 
would be unimportant if every device met its true 
design and production characteristics. It is the rare 
presence of defects that introduces the small prob- 
ability of lower retention times. Retention is there- 
fore a reliability problem, and Xicor has approached 
it as such. 

The failure rates as a function of time have the 
typical aspects of the bathtub curve. Potential ‘‘in- 
fant mortality” failures are eliminated by a sequence 
of screening steps. The “end-of-life” failures are ex- 
pected to occur a few million years hence. The one 
characteristic of interest that remains is the ‘“‘ran- 
dom’ failure rate. This failure rate is determined ex- 
perimentally from Retention Bake data. Based on 
this experimental data Xicor guarantees retention 
failure rate of 5 FITs at 55°C at the upper bound of 
the 60% confidence limit. 
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LATCH-UP 
CONSIDERATIONS IN 
XICOR CMOS PROCESSES 
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INTRODUCTION 


Latch-up is an inherent problem in CMOS devices 
due to the fact that during processing, MOS FETs 
are not the only structures fabricated. Parasitic bipo- 
lar transistors are also created which act as silicon- 
controlled rectifiers (SCRs). Since latch-up is inher- 
ent in the process, all CMOS devices can be forced 
into the latched state. The focus in designing CMOS 
devices is to reduce latch-up susceptibility under 
normal, and sometimes harsh, operating conditions. 
Design methods used by Xicor to reduce this sus- 
ceptibility will be discussed. 


CELL STRUCTURES AND 
LATCH-UP 


The structures of interest for Xicor’s 1.8 wm and 
1.4 wm CMOS processes are illustrated in Figure 1. 
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The vertical PNP transistor has its emitter and col- 
lector formed by the P+ source/drain diffusion and 
the P type substrate respectively. Its base is N-well. 
In the lateral transistor, (the NPN), the base is a P 
type substrate with the emitter formed by N+ 
source/drain diffusion and an N-well collector. 
These two bipolar transistors are cross-coupled with 
common base-collector regions. Under normal bias 
conditions, the complementary PNP and NPN tran- 
sistors remain in the high impedance state, which is 
referred to as the blocking state. Latch-up can be 
initiated only when one of the bipolar transistors be- 
comes active. If current flows through any of the 
parasitic resistors and causes a sufficient voltage 
drop across the base-emitter junction, one of the 
parasitic bipolar transistors can be turned on. This 
forward bias condition of the junction allows collec- 
tor current to flow. The collector current that flows 
across the base-emitter resistor of the second para- 
sitic bipolar transistor can cause a sufficient voltage 
drop to turn on this second transistor. 
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Process equivalent circuit 


Figure 1: Xicor CMOS processes. 
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If the current gain of the two transistors and the 
values of the parasitic resistors are high enough, 
a regenerative condition is created between the 
complementary bipolar transistors, where each con- 
tinues to drive the other. The current in both transis- 
tors will increase until either the self limiting condi- 
tion is reached or the device is destroyed. This high 
current, low impedance state of the SCR is known 
as “‘latch-up”’. 

Latch-up can be destructive to the device when 
the metal lines are blown or the junctions are melt- 
ed, or it can be nondestructive. In the second case, 
the chip can be restored to the blocking state by a 
power-down and power-up sequence. 


INPUT PINS 
TO #6 VOLTS 


log MEASUREMENT 


CAUSES OF LATCH-UP 


There are numerous ways in which latch-up can 
be triggered. The most common ways are during: 
power-up; supply overvoltage; and pin overvoltage 
and undervoltage. These conditions are discussed 
below. 


Power-Up 


Latch-up can occur when the pins of the device 
are driven high before the supply voltage has been 
applied to the circuit. This situation can occur when 
an unpowered circuit board or device is plugged into 
a system that is already under power. 

Figures 2 and 3 illustrate the test set-ups for both 
the slow power-up and the fast power-up tests. Re- 
sults of these tests are presented in Tables | and Il. 
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Block diagram 


5 VOLTS ---------22deecceceeeeeebeseseeseeees _ 


4 VOLTS ----------- rs Se feos 


B VOLTS --------2--deeeeee eerste dees eeeeeeees } 
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Typical timing diagram 


Figure 2: Slow power-up test set-up. 


Characteristics: Icc latch-up current due to in- 
put and output pins in an 
overvoltage condition during 


power-on ramp. 


Test conditions: All inputs and data outputs 
equal to Vcc +1V minimum. 
Vcc ramps from OV to 5V in 
1V steps, ramp rate is less 


than or equal to 0.2V/ms. 
80 mA 
Icc = 80 mA 


Maximum Icc: 


Latch-up condition: 


INPUT PINS 


log MEASUREMENT 


Temp: + 25°C 


Product Type | Process | Typ. 
X28C64, C256 650 613 


Temp: —55°C 


[Product Type | Process | Typ. | Max. | Min. 
rx28c64, C256 | 18um | 060 | 300 


Temp: + 125°C 


Product Type | Process | Typ. 


Table |: Results of slow power-up test. 
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Figure 3: Fast power-up test set-up. 
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Characteristics: Icc latch-up current induced 


by hot socketing. 


Test conditions: All inputs and data outputs 


equal to OV. Vcc ramps from 
OV to 6V in 200 ns or less. 


100 mA 
Icc 2 100 mA 


Maximum Icc: 


Latch-up condition: 


Temp: + 25°C 


[Proauet Type | Process | Typ. | Max | Min. 
rx2ace4.case | 18um | 8s | e0 | 80 | 


X28C010 1.4 um 


Temp: — 55°C 


INPUT PINS 


Temp: + 125°C 


[a] Latch-up induced only for conditions where Vcc =>5V 


Table /l: Results of fast power-up test. 


Supply Overvoltage 


A supply voltage exceeding the absolute maxi- 
mum rating can cause an internal junction to break 
down or produce a substrate current that triggers 
latch-up. 

Figure 4 illustrates the test set-up for the supply 
overvoltage test. The results of this test are pre- 
sented in Table Ill. 
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45 VOLTS 20 see ewwwe ose tenteceesenncteeagee 
4S VOLTS sect \ 
a — ——1ms VSUPPLY 
6 VOLT = =e aims | 


=F — ims 


— —— 3ms 


( - 1.35 “+415 +165 —> | 


0115-10 


Typical timing diagram 


Figure 4: Supply overvoltage test set-up. 
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ee 


Characteristics: Icc latch-up current due to 


supply overvoltage. 


Test conditions: All inputs are tied to supply. 
All data outputs are open. 
The unit is powered up to 
4.5V, then 15V is applied to 
the Vcc pin. Measurement is 


done at 4.5V Vcc, after the 


15V pulse. 
Maximum Icc: 100 mA 
Latch-up condition: Ico = 100 mA 


Temp: + 25°C 


Product Type 
X28C64, C256 7.15 
X28C010 11.5 


Temp: — 55°C 


census taeetl ant oe 
125 7.08 


[a] Latch-up induced for overvoltage = 14V 
[b] Latch-up induced for overvoltage = 13V 


Table Iil: Results of supply overvoltage test. 


Pin Overvoltage and 
Undervoltage 


Ringing, or noise glitches on the I/O pins, can 
create a transient forward bias condition at the |/O 
junction. If the transistor is part of a susceptible 
latch loop, latch-up could result. 

Figures 5 and 6 illustrate the test set-ups for both 
the pin overvoltage and the pin undervoltage tests. 
Results of these tests are presented in Tables IV 
and V. 


Characteristics: Icc latch-up current due to 


pin in overvoltage condition. 


Test conditions: Untested inputs tied to supply 
of 4.5V. Untested outputs are 
open. Triggered voltage of 
+ 15V (with max. 100 mA) is 


applied to pin under test. 
Maximum Icc: 100 mA 


Latch-up condition: 


loc = 100 mA 


Temp: + 25°C 


Icc (in mA) 


[preauct Type | Process | Typ. | Max. | Min 


Temp: + 125°C 


ee tnmay 
[product Type | Process | Typ. | Max. | win. 


Table /V: Results of pin overvoltage test. 
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Figure 5: Pin overvoltage test set-up. 
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Figure 6: Pin undervoltage test set-up. 
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0115-11 


0115-12 


0115-13 


0115-14 


Characteristics: Icc latch-up current due to in- 
put/output pins in undervol- 


tage condition. 


Test conditions: Untested inputs tied to supply 
of 4.5V. Untested outputs are 
open. Triggered voltage of 
—10V (with max. —100 mA) 


is applied to pin under test. 
100 mA 
Icc = 100 mA 


Maximum Icc: 
Latch-up condition: 
Temp: + 25°C 


Product Type 


X28C64, C256 


1.8 wm 


Table V: Results of pin undervoltage test. 
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LATCH-UP SUSCEPTIBILITY 
IN XICOR CMOS PRODUCTS 


In order to increase the immunity of its CMOS 
products against latch-up, Xicor employs several 
methods in its product design. These include: 


1) Negative substrate bias: A —3.5V Veep generator 
prevents transient forward biasing of the base- 
emitter junction of the SCR. 


2) Large spacing between the N+ diffusion area 
and the N-well during processing eliminates the 
potential for the parasitic NPN to be active. 


3) An epitaxial layer on a low resistivity substrate re- 
duces the parasitic resistance, and lowers the 
gain of the lateral transistor. 


4) Guard rings around the diffusion area reduce 
substrate current and substrate resistance. 


5) All input and output buffers are connected only to 
N+ diffusions. No connections to P+ diffusions 
(P-channel source or drain) are made. 


TESTING FOR LATCH-UP 


Xicor characterizes the latch-up susceptibility of 
its 1.8 wm and 1.4 wm CMOS devices by following 
specifications defined in MIL-M-38510/750. These 
test procedures are recommended by the JEDEC 
JC-40-2 CMOS Logic Standardization Committee. 
The X28C64 and X28C256 were used to test the 
1.8 wm process, while the X28C010 was used to 
test the 1.4 um process. 


CONCLUSION 


Data accumulated from the various stress tests 
show that Xicor’s CMOS products exhibit excellent 
latch-up immunity. These CMOS devices are care- 
fully designed and fabricated under the design and 
process rules which were discussed previously. This 
ensures that Xicor products operate in the blocking 
state even under harsh operating conditions. 
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INTRODUCTION checkerboard pattern. It is then subjected to a 


oe , temperature of 125°C at 5.5V in a continuous se- 

ane icdtatal . . aa wiecseel al Ae pa, eMianly uenta read mode. All units are tested for reten- 
organized as thirty-two — cna Ene all AICO tion and functionality at readouts at 48 hours, 168 
products, me guideline doable Pextured hours, 500 hours, 1000 hours and 2000 hours. 
Poly Floating Gate technology, which has been 
demonstrated to be the optimum technology for This test is designed to accelerate early life 
full featured nonvolatile memories. failures, (first 48 Hours) and to uncover latent 

se ; defects that would be seen as random failures 
Reliability Studies and Results during the normal useful lifetime. These data, 


At Xicor, all new products are subjected to a along with the HTHV data are used to predict ac- 
series of tests before the device is qualified. In tual field reliability for the device. The DLT test 
these tests, the device is stressed at elevated vol- results are shown in Table 1. 


tages and high and low temperatures. The pur- 
pose of these tests is to accelerate standard semi- 
conductor infant mortality failures and any poten- 
tial defects that may occur as random failures 
during the device’s normal useful lifetime. These 
data are then used to predict semiconductor 


In addition, all units submitted to the tests and 
stresses that follow, are first subjected to DLT for 
168 hours. The test lots are then divided, with 
some units continuing DLT and the balance split 
among other tests. 


failure rates under normal operating conditions. High Temperature High Voltage (HTHV) 

In addition, Xicor has undertaken studies to deter- The purpose of this stress is to accelerate failures 
mine characteristics unique to nonvolatile due to mobile ionic contamination, electrical over- 
memories, such as retention and endurance. This stress and latent gate oxide defects. In this stress, 
report also includes a group of standard environ- a Static bias is established throughout the circuit 
mental tests to insure reliable operation under all by applying 5.5V to all pins while Vss is held at 
extremes. Explained below are the tests and stres- | ground in an ambient temperature of 150°C. The 
ses to which the X24C01 was subjected. units are stressed for 1000 hours, with readouts oc- 


curring at 48 hours, 168 hours 500 hours and 
1000 hours. The results of the tests are shown in 
In the High Temperature Dynamic Life Test, (DLT) Table 2. 

the device array is first written with a topological 


48 Hours 168 Hours | 500 Hours 2000 Hours eens 


_ IN | Fai 
1s0 | 0 | 383,280 _| 
6 


High Temperature Dynamic Life Test 


Fin _| 

a ee ee | o | 150] 0 

[2 i 7a | 979 | o -o | 143 | o [| 143 | 0 | 379,456 | 
1036 | 1°) | 1035| 0 | 149 | oO 0 | 149 | 0 | 397,168 | 
| 4 | 1000| 0 | 1000] o | 150 | 1") | 149 | 0 | 149 | 0 | 393,300 | 
| 5 | 96! o | ga | 2 | 149 | o | 149] 0 | 149 | 0 | 392,488 | 

| 199 | o | 189_ fo | 0 | fo | ; 

| Totals | 5105 4 | of On| 


49 | o | 112,448 | 


2,058, 140 


Totals 789 


Note: a. lonic Contamination * Device-hours excludes the first 48 hours 
b. oxide breakdown 
c. Leaky Select Transistor 


Table 1. X24C01 Dynamic Life Test. Vcc = 5.5V and Ta = 125°C 
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| in | Fail _| 


Note: b. oxide breakdown 


500 Ho 


[Fail | in | Fat | 


Hours 
48 000 


90,000 
48,000 
25,000 
258,000 


Table 2. X24C01 High Temperature High Voltage Test. Vcc = 5.5V and Ta = +150°C 


Failure Rate Calculation 
Determining The Failure Rate Unit 


lf there is one failure in 20,000 devices in 1000 
hours, the failure rate will be: 


1 failure 


i Sn ce —8 
20,000 devices x 1000 hours aa 


The failure rate of a device is calculated in FIT 
(Eailure unlT). One FIT is defined as one failure in 
10° device-hours. Thus, the above failure rate is: 


5x10  ®x 109 failures 


9 = 50FITs 
10° device — hours 


As previously mentioned, the results from the OLT 
and HTHV tests allow one to predict the long-term 
failure rates for the device under normal operating 
temperature and voltage conditions. 


Acceleration Factors 


Each failure mechanism accelerated by tempera- 
ture is associated with an activation energy Ea. the 
reaction rate at which a process is accelerated by 
temperature is given by the Arrhenius equation’*: 


E. 
R = Ro exp (-F | 


Where: 
Ea = Activation Energy 
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+ 
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Absolute Temperature 
Boltzmann's Constant = 8.62 x 10 eV°K 


For a given activation energy, where t1 and t2 are 
the times to failure at the normal operating 
temperature of T1 and the stress temperature T2, 
respectively, then the relationship between the 
times to failure is : 


Where: 


TAF = Temperature Acceleration Factor 
T1 = Operating Temperature 
T2 = Stress Temperature 


Knowledge of a particular failure mode’s activation 
energy allows one to predict long-term failure 
rates under normal operating conditions. 


Typical failure mechanisms and their correspond- 
ing activation energies are: 


Oxide Breakdown 0.30eV 
Metal Electromigration 0.55eV 
Oxide Defect 0.6eV 
Silicon Electromigration 0.90eV 
lonic Contamination 1.0eV 
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eV 

| |@+125°C|@+150°C| 
0.30 | 2.058E+6| 258E+5 | 0 | 
0.55 |2.058E+6| 258E+5 | 0 | 
| 0.60 | 2.058E+6| 258E+5 | 2 | 
| 0.90 _| | | 0 
| 1.00_| | a 
ee La 


a ae 


Equivalent Device 
Hours 


1.682E+7| 1.08E+7| 0 | o 
|8.472E+7| 3.60E+7| 0 | 0 | 
/9.082E+8| 2246+8 | 0 | oO 
es 2 


60% UCL 
Failure Rate 


Calculated 
Failure Rate 

FI 
ie) 


Notes: 1. One FIT = 1 failure in 10° device-hours. To convert to failure rate percent per 1000 hours, 


divide FITs by 10,000 


2. Failures from 48 hour DLT are excluded, since such failures are considered infant mor- 
talities and are minimized by extensive screening prior to shipment. 


Table 3. Summary of Semiconductor Failure Calculations for the X24C01. 


For time dependent gate oxide breakdown (Ea = 
0.3eV), there is also a voltage acceleration factor 
(VAF) given by Crook’s equation”, as follows: 

Es = Eg 


VAF = exp ea) 


where: 


V 
E, = stress field =~ 


Tox 


V, 
Eq = operating field = = 
Ox 


Tox = Gate Oxide 
Es = Field Constant = 0.062MV/cm 


Table 3 contains the results of these calculations. 
Also included in the table is the 60% upper con- 
fidence level (UCL) calculation. This indicates that 
with a 60% confidence the actual failure rate will 
be below that calculated. We also made the con- 
servative assumption of including the Oxide Break- 
down, Metal and Silicon Electromigration (Ea = 
0.30, Ea = 0.55eV and Ea = 0.90eV respectively) 
failure rates. These failure mechanisms should be 
included whether they were observed or not, since 
they could be anticipated. 


Data Retention Bake 


Data stored in E°PROMs are associated with the 
absence or presence of electrical charge stored 
on the floating gate. A device is considered to 
have failed if the charge leaks off the floating gate. 
A floating gate at equilibrium (+ and - charges are 
equal) will be read as one or zero depending on 
the sense amp Circuitry. 


Therefore, in order to test for leakage, a charge is 
placed on the floating gate such that when the cell 
is read it will be opposite to that read at equi- 
librium. After being written with the specified pat- 
tern, the units are baked for 2000 hours at 150°C, 
with readouts occurring at 500 hours, 1000 hours 
and 2000 hours. The results of the tests are shown 
in Table 4. A retention FIT rate calculation was 
also performed and is shown in Table 5. It should 
be noted: based on Xicor studies on data reten- 
tion of all its memories Xicor specifies 100 + 
years data retention. For details on data retention 
in Xicor memories refer to Reliability Report RR- 
515. 


0122-4 


10-30 


Ea in 
eV 


| 
| 0.60 _| 


| 0 | 3.40E +5 | 
ene Ca 


Equivalent Device 
Hours 


®55°C|@70°C 
a a 


60% UCL 
Failure Rate 


62.35 


Calculated 
Failure Rate 


Table 5. Data Retention Failure Rate Calculations 


Extended Endurance and Data Retention 


Devices must retain correct data after long-term 
operation. A stress called endurance/retention is 
designed to examine a device's performance at 
retaining data after repeated write cycles to all 
memory locations. In this test, all units are subject 
to 100,000 write cycles, followed by a static bake 
at + 150°C. After the bake the devices are tested 
for data retention and functionality. The results of 
the test are shown in Table 6 below. 

168 Hours @ 


100 K Cycle 150°C 
etn | Fall | tin 
| 3 | 50: | OC | 50 | 
| 4ST 2 | co | 82 
| 5 df gp | ll 

| Totals | 131 | oO | 131_| 


Table 6. Endurance/Data Retention 


Log 
| 0 
0 
| 0 
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End of Life Endurance 


Long-term operational life of a device is also 
measured by how long it can endure repetitive 
data changes. This is the purpose of endurance 
testing. In this test the units are subject to con- 
tinual data changes until the first bit in its array is 
read incorrectly. There are two major methods of 
cycling: block or mass mode, where the entire 
array is changed in one cycle; and page cycling, 
where each physical row is cycled in one opera- 
tion, requiring 32 write operations to cycle the en- 
tire array one time. The data shown in the en- 
durance probability chart in Figure 1 were col- 
lected by page cycling. 


This probability chart is a tool developed by Xicor 
to fit the endurance limit of the weakest bit in the 
entire array to an extreme value distribution. The 
ability of Xicor to use this method is a result of the 
Textured Poly Floating Gate technology employed. 
This technology has one prevalent failure 
mechanism, trap-up, which is the diminishing cell 
program margins due to electrons trapping in the 
tunneling oxides. 
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ENDURANCE PROBABILITY CHART sure temperature cycling will not have detrimental 
effects on the combination of materials used. 


The three major failure modes for plastic pack- 
aged devices under moisture test are: 

_~ Mobile lons - lons on the passivation glass are 
made more mobile by humidity. If enough 
charge transfer occurs, a device parameter 
could be altered or a parasitic transistor could 
be introduced, degrading device performance. 

~ Chemical Corrosion - Phosphorous is 
commonly used in the passivation and under 
metalization layers. Sufficient phosphorous, 
when combined with water molecules, 
produces phosphoric acid which may etch 
away aluminum lines. 

Figure 1.Typical X24C01 Lot Endurance - Electrolytic Corrosion - When a voltage 
potential exists between two adjacent metal 
lines under enhanced surface conditions, 


Cumulative Percent 


Low Temperature Dynamic Life Test (presence of moisture) an electrolytic corrosion 
process may be triggered. This condition 

As geometries of semiconductor memories are could result in an open metal line. 

scaled down, hot electron trapping in the gate Autoclave 

oxides has been detected in other technologies. In 

order to determine if hot electron trapping could Autoclave or pressure pot testing subjects a 

impact the reliability of the X24C01, a Low device toa2 atmosphere steam environment. This 

Temperature Dynamic Life test was performed. test will accelerate mobile ionic drift, chemical cor- 

This test is functionally identical to the DLT test, rosion and to some extent electrolytic corrosion. 


but with the ambient temperature set at -40°C. The The test results are summarized in Table 8. 


test results in Table 7 indicate hot electron trap- 
te [ow un [oe re sen] SE 


ping is not a concern with the X24C01. Device 
Hours 

|| in | Fait | in | ait | in [ral | 

| 1 | s2t co | sz] oo | sez] o | 74e8 | 


Table 8. Steam Autoclave 


85°C/85% Relative Humidity Stress 


85/85 testing is performed to determine life expec- 
Table 7. Low Temperature Dynamic Life Test —_tancy of devices in high temperature and high 

humidity environments. This test will accelerate all 

three environmental failure modes. It is an especial- 


ENVIRONMENTAL STRESSES ly good test for detecting electrolytic corrosion. 
This group of tests is performed on plastic pack- 85/85 tests can be performed in two ways. The 
ages to insure that excessive humidity and am- first is by supplying voltage to Vcc with all other 
bient vapors will not cause failures and also to in- pins alternately biased at OV and +55.V. The 
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second method is to test the device with Vcc at 
OV and ail other pins alternately biased at OV and 
+5.5V. This provides a potential between metal 
lines and insures maximum humidity at the die sur- 
face. Results of these tests are shown inTables 9 


and 10. 


Table 9 . 85/85 (power off) 


Device 
[tot # |500 Hows | 1000 Hows| 2000 Howe] Peee 


Pt in | Fait | in [ait | in | ra] 
| 1 | s2 | o | 52} o | 52] 0 | 104,000 | 
| 2 | s2{ o | s2] o | s2{ o | 104500 | 
| os | s2 | o | sz] o | 52} 0 | 104.000 _ 
| Totals [157] 1 | 156] 0 | 156] 0 | 312.500 _ 


Table 10. 85/85 (power on) 


Temperature Cycling 


This test subjects the devices to temperature ex- 
tremes of -65°C to + 150°C. this test is performed 
to stress the package to detect poor bond wire at- 
tachment and to determine if there is a potential 
problem due to thermal mismatch between the die 
and the package material that could cause device 
failures. The results of these tests are tabulated in 
Table11 


Le 
a 
Eee 
| 4 
| 6 
Table 11. Temperature Cycling -65°C to 
+ 150°C 
CONCLUSION 


The X24C01 has been demonstrated to be a high- 
ly reliable semiconductor memory. The semicon- 
ductor FIT rate is well below the industry average 
for a comparable device. Xicor specifies the 
X24C01 as having an endurance of 100,000 cycles 
and data retention of 100+ years. The additional 
environmental data indicates that the combination 
of process technology and assembly techniques 
provides a highly reliable device under all environ- 
mental conditions. 
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Xicor Endurance Report 


RR-520 


H. A.R. Wegener 


INTRODUCTION 


This report describes endurance relating to 
Xicor’sproducts employing the Direct Write™ cell. These 
devices display enhanced endurance cycling charac- 
teristics that are attributable to the direct write cell, 
process enhancements and improved screening tech- 
niques. 


This report will also review a number of important issues 
relating to the endurance of Xicor memories: a review of 
the technology and device operation, methods of mea- 
surement and examples of how to calculate the effect of 
endurance onasystem’s reliability. Additional information 
on the endurance of Xicor’s earlier products is available 
in Xicor’s reliability reports RR-504 (1984), RR510 (1988) 
and a reliability brief (Determining System Reliability 
from E*7PROM Endurance Data, 1987). 


DEFINITION OF ENDURANCE 


Endurance is a characteristic common to all current 
nonvolatile memory technologies. It describes the num- 
ber of data changes that a memory device can sustain 
without a write failure. The endurance of 5 volt only 
E2PROMs is one of the major characteristics of interest 
to the end user. The easy reprogrammability of these 
devices leads naturally to applications requiring the 
E2PROMs to reliably sustain a high number of writes. 


ENDURANCE LIMITATIONS OF FLOATING 
GATE TECHNOLOGIES 


All floating gate nonvolatile memories depend upon 
applying a field across a dielectric in the memory cell. 
This causes electrons to be injected into the dielectric by 
Fowler-Nordheim tunneling. These electrons drift across 
the dielectric and either add charge to, or take charge 
from, the floating gate in order to change the state of the 
cell. 


Two effects which limit endurance have been identified 
and studied in detail. the first effect, Known as “trap-up”, 
occurs when a small fraction of the electrons tunneling 
through a dielectric are trapped in the dielectric. After a 
large number of data changes this trapped charge be- 
comes large enough to inhibit further charge transfer. 


The second effect, known as time dependent dielectric 
breakdwon is caused by the stress on the dielectric due 
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to the electric field applied during tunneling. Which of 
these two effects dominates depends upon the tech- 
nology used to make the Fowler-Nordheim tunneling 
devices. 


Two major technologies are used today to manufacture 
commercial floating gate E7P ROMs. One, known as the 
thin oxide technology, depends on tunneling across a 
thin (~100A) dielectric lying between two parallel silicon 
surfaces used for charge transport. The other technol- 
ogy depends on local field enhancement near the sur- 
face of a poly silicon film to inject electrons into the 
conduction band of a relatively thick (~600A to 1000A) 
dielectric. Once injected into the dielectric, the electrons 
drift across the remaining dielectric under lower drift fields 
existing in the bulk of the dielectric. The enhanced fields 
occur at the poly silicon surface of the polysilicon. The 
bumps along this surface lend the name textured poly 
floating gate (TPFG) technology. 


Electrons are less likely to become trapped while drifting 
across the thin dielectric than the thicker oxide of the 
TPFG approach. On the other hand, the entire thin 
dielectric experiences the field required for tunneling 
which exists only in a portion of the TPFG oxide, withthe 
result that the thin dielectric approach is more suscep- 
tible to dielectric breakdown. 


IMPLICATIONS OF FAILURE MECHANISMS ON 
PRODUCT RELIABILITY 


The implications of the various failure mechanisms on 
product reliability requires a familiarity with statistical 
distributions. This is based on the fact that few users are 
affected by the behavior of a typical bit of the E7PROM 
memory. Rather, what affects the user is the behavior of 
the worst bit in an array because the failure of the first bit 
defines the endurance of the memory device. 


Studies have shown that TPFG memories have a low 
failure rate until an endurance level of a few hundred 
thousand cycles is reached. After this the failure fraction 
will increase. This is due to the very low extrinsic failure 
rate for oxide defects in this technology. The increase of 
failure rate at end of life is due to the intrinsic property of 
electron traping. Thin oxide memories exhibit a con- 
tinuously increasing failure fraction beginning at a low 
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endurance level. This is due to the extrinsic oxide failure 
rate which dominates this technology (reference: N. 
Mielke, A. Fazio, H. Liou, 25th Interantional Reliability 
Physics Symposium, 1987) 


Therefore, TPFG technology has the advantage of a 
failure mechanism that is a measurable intrinsic prop- 
erty which can be controlled like any other process pa- 
rameter. However, with the thin oxide technology the 
extrinsic property of random oxide breakdown is un- 
predictable and thus more difficult to measure and 
control. 


DIRECT WRITE™ CELL 


In 1985 Xicor developed the Direct Write cell and began 
implementing it on all new designs. Figure 1 is a cut 
away view of the cell structure. Poly 1 acts as both the 
cell ground isolation transistor and programming cath- 
ode; Poly 2 is the floating gate; and Poly 3 acts as both 


Figure 1. Cross Section View of Direct Write Cell 


the select word line transistor and erase tunnel anode. 
Poly 2 is totally surrounded by an oxide electrically 
isolating it from all other device structures. Its channel 
region acts as both the floating gate charge-conditional 
current path for reading and the data conditional coupling 
Capacitor for writing. 


A schematic representation is illustrated in Figure 2. 
Because the construction of the cell incorporates the 
poly 1 to 2 programming and poly 2 to 3 erase tunneling 
elements in a single structure, data storage is a direct, 
single pass operation, involving the following sequence. 
Firstthe poly 1 line, commontothe entire array, is brought 
low, cutting off the conduction path fromthe bit line through 
the cell to array ground. Next, the bit lines are set up to 
either OV for an erase operation or about 16V for a pro- 
gram operation. The poly 3 word line is ramped up to 
about 22V in about 1ms to drive the nonvolatile charge 
transport. 
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Figure 2. Schematic Representation of the Direct Write Cell 
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To erase, the bit line is grounded, whereupon the 
channel voltage under poly 2 capacitively couples the 
floating gate towards ground. This develops sufficient 
voltage across the poly3/2 tunnelingn element to cause 
electrons to tunnel off of the floating gate. 


To program, the bit line is taken high and the channel 
potential capacitively couples the floating gate posi- 
tively. This develops sufficient voltage across the poly 
2/1 tunneling element to cause electrons to tunnel onto 
the floating gate. 


EXPECTED XICOR MEMORY ENDURANCE 
FAILURE MECHANISMS 


As discussed in previous sections, with Xicor’s textured 
poly floating gate (TPFG) technology there are two 
endurance effects which cause failures: the first, and 
most predominant, is trap-up at end-of-life; the second 
is oxide defect related. 


Trap-up is the result of the accumulation of trapped 
negative charge in the dielectric that is caused by the 
repeated passage of current through the dielectric ma- 
terial. This trapped charge creates an opposing poten- 
tial within the dielectric which suppresses Fowler- 
Nordheim tunneling. The endurance limit is reached when 
the trapped charge suppresses tunneling to the extent 
that insufficient charge is tunneled to change the state 
on the floating gate. 


Because TPFG employs a thick insulating oxide the 
average electric field across the oxide is 5 to 7 times 
lower than the field used in a thin oxide device. As a 
result, oxide defect related failures are greatly reduced. 
However, defects will occur in the memory array ina 
random manner. The majority can be screened through 
electrical testing, leaving a small tail of potential random 
failures that occur during the expected normal life time 
of the device. 


Based on this, endurance failures for Xicor memories fit 
a standard bath tub curve distribution similar to those for 
standard semicondutor failures with the time element of 
the X axis being replaced by the number of cycles. The 
front end failures are defect related and screened during 
electrical testing; the random failure during the useful life 
of the device is next; this is followed by the end of life 
based on trap-up. 


Therefore, Xicor endurance specifications are based on 
these two factors, with worst case assumptions. The 
specification is generally an order of magnitude lower 
thanthe typical end of life. The specified endurance level 
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is then periodically monitored to insure the random ox- 
ide failure rate is below the established levels. 


ENDURANCE MEASUREMENTS 


Based on the way the direct write cell operates, an 
endurance cycle is most accurately defined as one “data 
change.”. This means that a change from a “zero to a 
one” is counted as one cycle and the change from “one 
to a zero” is counted as one cycle. If a cell containing a 
“zero “has another “zero” written to it no change of data 
has occurred and that cell’s endurance has not been 
impacted. 


Two endurance measurements are regularly performed. 
One is the end of life, where devices are cycled until they 
either all fail or until cycling must be terminated due to 
time considerations. These tests are conducted utilizing 
special test modes that permit erasing or programming 
the entire array in a single cycle. 


The second measurement is based on cycling units up 
to their specified minimum endurance level. This mini- 
mum endurance level is specified many times below the 
average end of life cycles. The method of cycling for this 
measurement is generally in page mode, to more 
closely approximate system usage. The cycling is per- 
formed by sequencing through the addresses so that all 
pages in the array are cycled equally. It should be noted 
that Xicor equates page cycling with byte cycling based 
on extensive studies indicating cycling an array byte by 
byte vs page by page is equivalent. Because cycling in 
byte mode is prohibitive time-wise, cycling is generally 
performed in page mode for data collection. 


Based on the page mode endurance measurements, a 

failure rate for random failures occurring within the 
specified endurance limit, can be established in PPB 
(parts per billion). This number can be used to calculate 
the expected endurance failure rate for a system. 


SYSTEM FAILURE RATE CALCULATIONS 


There are two ways of expressing the impact of endur- 
ance on system reliability. First, the probability of a 
system failure or the percent of systems failing due to 
endurance is calculated based onthe estimated number 
of cycles for each page over the life of the system. 
Second, the failure rate in FIT can be determined by 
including the expected system lifetime in the calculation. 
Both methods are equivalent evaluators of system re- 
liability. 
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FAILURES IN PARTS PER BILLION CYCLES 


This method is based on data collected in cycling the 
devices as described in the previous section on mea- 
surement. Based on the test results, a failure rate in 
parts per billion page cycles (PPB) is calculated. Sum- 
maries for different device type PPBs are available from 
the factory. 


To illustrate how this number can be used to calculate 
the failure rate due to endurance, a system is defined 
below and a step by step sequence to calculate the 
system’s endurance failure rate is given. 


Assume that the memory is a X28C256 with a random 
endurance failure rate of 1PPB per page cycle and a 
specified endurance limit of 10K cycles per byte. 


Inthis application 12 pages are cycled 10,000 times and 
the balance of pages are cycled 100 times over the 
lifetime of the system. 
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The total number page cycles is: (12 x 10,000) + 
(500 x 100) = 170,000PageCycles 


The system failure rate is simply 170,000 times 
1PPB=170 PPMor .017%. This means .017% of these 
systems would be expected to have a failure due to 
endurance during their expected lifetime. 


FAILURES IN TIME (FIT) 


Failures intime is a more traditional method of evaluating 
reliability. This is the industry standard of expressing the 
usual semiconductor related failures. 


The total system failure calculations in the above ex- 
ample can be easily converted into FIT rates by inserting 
the time element. Assume the planned system life is ten 
years or 87,600 hours. FITs are expressed in failures per 
109 device hours: therefore, the calculation would be: 
(170/10°)x(109/87,600)=~1.9FIT 
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DETERMINING SYSTEM RELIABILITY FROM 
E2PROM ENDURANCE DATA 


By Richard Palm 


Xicor has published numerous reliability reports 
regarding data retention and endurance; however, 
the relationship of this data to system reliability war- 
rants further analysis and discussion. This paper will 
discuss two methods for determining the affect of 
endurance on system reliability. The first method will 
use actual data collected on the X2816A and the 
second method will use data collected on the X2864A. 


Definition of Terms 


Endurance - is the ability of a nonvolatile memory to 
sustain repeated data changes. 


Endurance Failure (Level) - is the limit of endurance, 
expressed in number of write cycles, when the first 
bit of any memory device or memory system is found 
to be in error after a required data change. 


Write Cycle - to reduce testing time Xicor uses a test 
method whereby the entire array of the device under 
test is written in a single write cycle. Therefore, all 
references to “write cycle” equate to every bit in the 
entire array (device or system array) being written. 


Cumulative Failure (Probability) - the percentage of 
parts not expected to attain a particular goal; i.e., 
endurance level. 


Note: all endurance data used in this report were 
collected at a cycling frequency of one cycle per 
100ms and at + 25°C. 


Background 


There are three reliability categories for nonvolatile 
memories: semiconductor, data retention and 
endurance. 


# Semiconductor reliability pertains to several failure 
modes common to all semiconductor devices such 
as oxide rupture and micro-cracks. 


# Data retention refers to the capability of a non- 
volatile memory device to retain valid data under 
worst case conditions. 


® Endurance is the ability of a nonvolatile memory 
device to sustain repeated data changes. 


Xicor reliability reports, RR502A and RR504, detail 
these three categories for Xicor devices. Reliability 
is easily deduced for semiconductor failures and data 
retention. The affect of endurance on reliability is not 
so Straightforward. 

Because endurance screening is a destructive pro- 
cedure, Xicor performs endurance life tests on a 
sample basis. The data collected from these tests 
are then plotted onto an extreme value distribution 
graph to determine the endurance distribution for a 
particular lot of devices. 


Using the Extreme Value Distribution 
Data 


Figure 1 is an extreme value distribution graph for 
twenty X2816A devices and Table 2 (located on the 
last page) is the raw data used to generate the 
straight line shown. 


=» In this sample lot the lowest ranked device (#1) 
exceeded 279,000 write cycles before the first bit 
failure occurred; however, the graph extends to 
the left to show that only ~ .01% of all devices 
from this manufacturing lot will fail before 200,000 
cycles. 


# The maximum of the extreme value distribution 
occurs at the 37% cumulative probability point 
(statistically, 37% of all devices will fail to reach 
this endurance level), indicating that the predicted 
most probable endurance of devices in this lot is 
460,000 cycles. 
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Figure 1: Extreme Value Distribution Graph for One Twenty Piece Lot of 
X2816As 


Reliability data are generally stated in terms of 
percent failures per 1000 hrs. This can be easily 
derived from the extreme value graph in a two step 
procedure. 

The system design parameters for this example 
are chosen as follows: the lifetime of the system is 
five years; and each X2816A will experience 250,000 
write cycles over the lifetime of the system. 


= The first step determines the failure rate per 1000 
write cycles using the formula W = C/E where: 


W = failure rate in %/1000 write cycles 


E = endurance level chosen for the system 
(250,000 write cycles) divided by 1000. 


C = cumulative failure rate at E (inthis case .5%). 


Therefore W = .5%/250 = .002%/1000 write 
cycles. 


# Converting this to percent failures per 1000 hours 
requires H = W x A where: 


H = failure rate in %/1000 hrs. 
W = failure rate in %/1000 write cycles 


A = number of write cycles per hour. (i.e., 2.5 x 10° 
cycles/5 years) 


Inourcase,H = .002 x 5.7 = .0114%/1000 hrs. 

In the above example the entire X2816A is being 
rewritten at the rate of 5.7 times every hour. In some 
applications this could occur, but generally the fre- 
quency is much lower. Using the same graph and 
arbitrarily choosing the lowest cumulative failure rate 
depicted at 200,000 write cycles and performing the 
same calculations, the percent failures per 1000 hrs. 
drops dramatically. 


W = .01/200 = .00005%/1000 write cycles 
H = .00005 x 4.56 = .00022%/1000 hrs. 


Predicting System Endurance 
Reliability Within Design Constraints 


This next example is based on data collected on 
the X2864A. The system requirements for which the 
data were collected are defined as follows: the life 
expectancy of the system is ten years; the number 
of write cycles is 10,000. Therefore, Xicor cycled five 
lots of approximately three hundred devices each, 
for 10,000 write cycles. The data were collected by 
cycling the devices every 100ms at ~25°C. Table 1 
summarizes the data collected. 


Table 1: Raw Data From Cycling X2864A Devices 10,000 Times 


The overall failure rate of devices unable to reach 
10,000 write cycles is 1.48%. How does this relate 
to system reliability? 


= The system is defined as having a life expectancy 
of ten years or 87.6 x 10° hours. 


® The failure rate in percent per 1000 hours is deter- 
mined by dividing the percent of parts unable to 
reach 10,000 write cycles by system’s life expec- 
tancy in thousands of hours. 


Therefore, reliability based on endurance for this 
system is: 
1.5%/87.6 = 0.017%/1000 hrs. 
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Temperature 


RR504 describes in detail the affect of temperature 
on endurance. In general, this report shows that for 
every 50°C rise in temperature the endurance rate 
doubles. The data collected for the above examples 
was taken at + 25°C. Therefore, for systems operat- 
ing at a more common + 40°C the endurance will 
improve. Figure 2 illustrates the case for the X2816A. 


a The line labeled + 25°C is the same as that in 
Figure 1. 


a The added line is for the predicted increase in 
endurance at + 40°C. 


®# The cumulative failure rate at 250,000 write cycles 
moves from .5% to less than .01% and the endur- 
ance reliability increases as follows: 
W = .01%/250 = .00004%/1000 write cycles 
H = .00004% x 5.7 = .0002%/1000 hrs. 


The failure rate for the X2864A sample lots can be 
expected to decrease by a factor of ~ 1.30, for the 
increase in operating temperature from +25°C to 
+40°C; yielding a failure rate of .013%/1000 hrs. vs. 
the unfactored .017%/1000 hrs. 
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Figure 2: Affect of Ambient Temperature on Endurance 
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Frequency of Writing 


Xicor reliability report RR504 describes device op- 
eration and the affects of frequency of writing to a 
device. Figure 3 is a copy of a graph in RR504, 
depicting the relationship of write cycle frequency on 
the endurance of a Xicor nonvolatile memory. 

There are two key relationships illustrated by the 
graph in Figure 3. 


= As the frequency of writing decreases the slope 
of the plotted line, the extreme value, decreases. 


# Although the most probable endurance (the 37% 


cumulative failure point) does not show appreci- 
able change, the decreasing slope is significant in 
the region most concerned with predicting reliabil- 
ity, the 01% to 5% region (shaded area of Figure 
3). 


It is in this region that a system’s reliability is 
determined. Arbitrarily choosing the .1% probability 
of failure point, Figure 3 shows: 


® A write cycle frequency of 1 per 100 seconds in- 
creases the endurance level by a factor of 2 over 

a write cycle frequency of 1 per 100 milliseconds. 
0018-5 
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Figure 3: Affect of Write Cycle Frequency on Endurance 
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Conclusion 


This paper has illustrated two methods for deter- 
mining system reliability based on endurance. In the 
examples given, the failure rates due to endurance 
are well below industry standards for semiconductor 
failures. 

Additionally, by factoring in the affects of both tem- 
perature and frequency of writing, the endurance fail- 
ure rates for the X2816A system and X2864A system 
may be predicted specifically for the user's application. 
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Table 2: Ranked Endurance Data for Twenty Pieces of X2816A Devices 
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RADIATION-INDUCED 
SOFT ERRORS AND 


FLOATING GATE 
MEMORIES 


J. M. Caywood & Reliability Engineering Staff 


ABSTRACT 


A new failure mechanism which may be induced in 
floating gate memories by ionizing radiation is dis- 
cussed. This mechanism, which is designated a 
“firm error’, is modeled in some detail. Calculations 
which show that the MTBF for alpha particles emit- 
ted by ceramic packaging materials is >100,000 
years are verified experimentally. The effect of de- 
vice scaling on this mechanism is also discussed. 


INTRODUCTION 


lonizing radiation incident on floating gate non- 
volatile memories can give rise to three types of ob- 
servable effects. The radiation may induce damage 
in the peripheral circuitry (hard errors); it may cause 
upset of the sense/readout circuitry (soft errors); or it 
may cause data loss by transfer of charge from the 
floating gate. The first of these groups of effects is 
common to all MOS circuitry and has been inves- 
tigated extensively over many years.' The second 
group of effects was first observed in dynamic RAMs 
and has since also been observed in static RAMs 
and microprocessors.*> 

The third effect, on which this paper will con- 
centrate, is qualitatively different than the “soft er 
rors” which are observed in volatile RAMs. In the 
soft error case, thermalized carriers are collected 
from relatively long (~10ym) distances in the Si 
substrate which can result in efficient collection of 
the charges generated by an alpha particle 
(~50%)*. In the case to be discussed here, the carri- 
ers collected on the floating gate may come from two 
sources. One source is carriers created by the ioniz- 
ing radiation in the SiOz which lies between the float- 
ing gate and another electrode or the substrate 
when they are at a different potential. The second 
source is electrons excited in the floating gate which 
have enough kinetic energy to surmount the poten- 
tial barrier between the conduction bands in Si and 
SiOz. As will be developed in this paper, these ef- 
fects are relatively inefficient (<1%). Unlike soft er 
rors which are caused by a single ionizing particle, 
charge transfer to a floating gate is cumulative so 
that effects of many ionizing events occurring over 
an extended period of time must be considered. 
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To differentiate this phenomenon from soft errors 
which, if they occur in floating gate memories, are 
dependent upon the design of the readout circuitry 
and are temporary read errors which can be cor- 
rected by re-reading the floating gate, and from hard 
errors which render all or part of the memory in- 
operable, we shall call it “firm error”. This firm error 
has the operational characteristics that it causes a 
read error which cannot be corrected by re-reading 
the floating gate, but it can be corrected by re-writing 
the cell or cells in question to provide a completely 
functional memory. 


MODELING THE 
CHARGE TRANSFER 


Figure 1a shows a typical cross-section through a 
floating gate memory structure where the + and — 
signs indicate that electron-hole pairs are created 
along the track. Figure 1b shows a potential diagram 
of the same structure. Clearly electron-hole pairs 
created in the oxides on both sides of the floating 
gates will drift apart and tend to discharge the gate. 
Similarly electrons injected from the floating gate 
into either oxide will discharge the gate. The prob- 
lem can therefore be broken into that of computing 
the charge created in the oxide and that of estimat- 
ing the charge injected from the Si into the oxide. 


la. 


2a. Si Si | Si) Sidr | Si 


| 
| 
| 
| 


| 
| 
| 
| 
| 


OXIDE1;, =| OXIDE 2 | 
| | 
FLOATING 
GATE 
0019-7 
Figure 1: Cross section and potential diagram of a typical floating gate 
memory transistor; a) the cross section is cut through in the direction of 
current flow; b) the potential diagram is shown for the case that the 
floating gate is programmed and the access gate grounded. 
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INJECTION OF CHARGE 
FROM Si INTO SiO, 


Emission of excited electrons from Si into SiOz is a 
complex process. Some of the phenomena occur 
ring are illustrated schematically in Figure 2. Hot 
electrons created by the ionizing particle may be 
scattered by acoustic or optical phonons, other elec- 
trons, or the surface itself. The requirement for elec- 
trons to reach the surface with sufficient crystal 
momentum, «, normal to the surface to surmount the 
barrier (kj /2m*>p where k | is the component of 


k normal to the surface, m* is the effective mass, 
and ¢p is the barrier height between the conduction 
bands in Si and SiOz).° Phonon scattering may be 
considered to be elastic since the phonon energies 
are small with respect to the barrier height. However, 
an electron scattering off another electron may lose 
up to one-half of its kinetic energy. Hence, electron- 
electron scattering rapidly thermalizes hot elec- 
trons.’ The escape length of electrons is long for 
energies near the fermi level but drops rapidly and 
forms a broad U between 20 A and 5 A over the 
energy range 10 eV to 1000 eV.® Escape depths of 
25 A and 12 A are reported for electrons 5.8 eV and 
11 eV above the valence band maximum, 
respectively.? '° 
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Figure 2: Schematic illustration of scattering process which contributes 
to small escape depth of electrons from Si. 


The ideal situation would be to have electron yield 
curves as a function of energy for various charged 
particles of interest incident upon a biased oxidized 
silicon surface. Unfortunately, we lack such a com- 
plete data base, so we shall estimate the yields from 
data on optically stimulated emission. Figure 3 
shows energy distribution curves (EDCs) for three 
photon energies plotted versus the energy of the 
states from which the electrons are excited for 


SCATTERING 


photons incident on clean Si.'' By integrating the 
EDCs and dividing by the incident photon energy, 
the yields in terms of electrons emitted per electron 
volt of incident photon energy are found to be 6.7 x 
10%, 8.9 x 10%, and 8.7 x 10% for photons with 
energies of 8.6 eV, 10.2 eV, and 11.8 eV, respec- 
tively. For lower energy photons, the yields drop 
precipitously.® It is known that the optical absorption 
length, 1/a, in Si is 80 A for 12 eV photons.'? 
Moreover, the electron escape depth at 11 eV is 12 
A.'° This implies that one factor limiting the yield is 
that most of the electrons generated within the bulk 
of the Si relax via electron-electron scattering. Thus 
an estimate that a charged particle yields 10° elec- 
trons for every electron-volt of energy lost within 80 
A of the surface is probably an upper bound for 
emission from silicon into a vacuum. 
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Figure 3: These energy distribution curves give electron yield vs. the 
energy of the initial state for photons incident on clean Si. (Data from 
Spicer, ref. 11). 


Because the barrier between the conduction band 
in Si and the conduction band of SiO. is ~0.9 eV 
lower than that between the conduction band of 
silicon and the vacuum level, the yield in the Si/SiO.2 
system should be higher than that estimated 
above.®'? The magnitude of the yield increase can 
be estimated two ways. Callcott measured the effect 
of applying 0.16 monolayer of Cs to a Si surface. He 
found that the vacuum barrier was lowered by 1 eV 
and the photon yield was increased by 2.6 times. '¢ 
Another estimate comes from the observation that 
for 6 eV photons, Powell reports ~13 times higher 
quantum yield for the Si/SiO2 system than does 
Broudy for the Si/vacuum system.®'? Since Powell 
applied a field of 3 x 10°V/cm (~5x that present in a 
typical floating gate memory), the barrier between Si 
and SiO. was lowered by 0.45 eV. This implies that 
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the ratio of the Powell and Broudy results is clearly 
an overestimate of the yield enhancement. Based 
on these data, we shall use 10x as a generous esti- 
mate of the magnitude of the yield increase between 
the Si/SiO2 system and the Si/vacuum system. Our 
estimate of the yield of electrons emitted over the 
Si/SiOz barrier as a result of an incident ionizing 
particle is 10° electrons for each eV of energy lost 
within 80 A of the Si/SiO, interface. 


COLLECTION OF 
CHARGE GENERATED 
IN THE SiO, 


The experimental evidence for collection of charge 
generated within SiOz is much more direct than for 
charge injected from the Si/SiOz interface. Measure- 
ments of Srour, Curtis, and Chiu show that the col- 
lection efficiency of electron-hole pairs generated by 
4-5 keV electrons in SiOz varies from very low at low 
fields to ~20% at 5 x 10° V/cm to ~100% at 5 x 10° 
V/cm.'° From calculations based on these measure- 
ments, Ausman and McLean have deduced that one 
electron pair is created for each 18 eV lost in the 
SiO..'© Since typical fields occurring in floating gate 
memory devices during read or storage operations 
are 5 x 10° V/cm, we shall assume that one pair is 
created for each 18 eV of energy lost in the oxide 
and that 20% of the charges created are collected at 
the electrodes. 


ENERGY DEPOSITED 
FROM IONIZING 
RADIATION 


lonizing radiation can be generally separated into 
that involving massless particles (X-ray, Gamma- 
rays, etc.) and those which have mass (mesons, 
electrons, protons, atomic ions, etc.). The absorp- 
tion cross-sections of the massless particles are 
quite small and decrease with increasing energy. 
For example, the x, line of Mo occurring at 20.03 
keV has a mass absorption coefficient of ~4cm*/g.'” 
This means that approximately 1mm of Si is required 
to absorb 63% of the energy of a Mo X-ray beam. 
Since the cross-section is proportional to the cube of 
the wavelength, high energy photons lose even less 
energy per unit of length traveled through a solid. 
Because of this, it is expected that large fluences of 
X-rays would be required to transfer significant 
charge from the gate of floating gate memory. 
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For particles with mass, the stopping cross- 
section varies in a systematic way. This is illustrated 
in Figure 4 where we have plotted calculated energy 
loss rates in silicon for particles of differing mass 
using the Bethe-Bloch formalism.'® As can be seen, 
for each mass particle, there is a peak in the curve of 
stopping power vs. energy which shifts to higher en- 
ergy and becomes larger as the particle mass in- 
creases. Because of the log-log nature of the plot 
shown in Figure 4, it implies that there will be a high 
density of carriers created at the end of the particle 
track. This feature is called the Bragg peak. 

Since the charge generation rate is maximum for 
particles with energies in the neighborhood of the 
Bragg peak, it is illuminating to calculate the charge 
transferred from a fairly conventional floating gate 
for two of the particles shown in Figure 4. 

Alpha particles are known to be the chief cause of 
soft errors in volatile memories so their effect will be 
calculated. The other particle we will consider is an 
A1 ion, both for itself, since it may be generated as a 
result of muon capture by Si, and as a proxy for both 
the Si recoil ions which may be generated in various 
nuclear reactions and Mg which may also result from 
muon capture. '?:7° 
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Figure 4: Energy loss rates vs. particle energy for particles with various 
masses Calculated from Bethe-Bloch theory. 


The Bragg peak for a's in Si occurs for particle 
energies in the neighborhood of 0.5 MeV. The en- 
ergy loss rate for a's in Si is ~28 eV/A in this 
range.*' The energy loss rate for a compound such 
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as SiO. can be found from Bragg's rule which post- 
ulates the linear additivity of the energy loss cross- 
sections of the constituents of the compound, viz. 


€(XmYn) = M e(x) + ne(y) 


Applying this to SiOz we find that the energy loss 
rate for alpha particles in SiOz near the Bragg peak 
is ~10.6 eV/A.** Similar calculations for Al ions give 
approximate loss rates of 300 eV/A and 110 eV/A 
for Si and SiOz, respectively. 

Putting all of this together in the context of Figure 
1, we can see that the total charge collected per 
incident particle should be given by: 


= Nox(é) dox1 dE 
Qp= 18 J cosé re SiO. dp 
Rese pp (GE dE 
= YSi-SiO. aor dx Msi dx sj | dp 
(e—)  q dE 
Nox * ox2, (ME 
+ “18 J cosé dx _ SiO, ap 


where 7, is the field dependent collection efficiency 
for pairs generated in the oxide, d,,; and d,,o are the 
thicknesses of the first and second oxides, A¢<- is the 
effect escape depth for electrons generated in the 
Si, 6 is the angle of the particle path to the normal, 
Ysi-sion |S the yield (for normal incidence), and the 
integrals over path are needed because dE/dx is a 
function of energy and hence position. 


SAMPLE CALCULATION 


As one example, let's calculate the probability of a 
floating gate device similar to those in current pro- 
duction being upset by alpha particles emanating 
from the packaging material. We will assume that 
the floating gate poly measures 5y x 14y x 0.4p, 
that the transistor gate size is 5u x 5u, that the gate 
oxide and interpoly oxides are both 1000 A thick and 
that the field oxide is 14.m thick. We also assume 
that there is 2u. of SiOz deposited after the access 
gate is defined. 

Figure 5 shows the alpha particle spectrum mea- 
sured by Meieran et al.*° The alpha spectrum is a 
result of the decay change of thorium and uranium 
which are present in the alumina which is used for 
hermetic packaging as trace impurities. For simplic- 
ity of calculation, we shall approximate this spectrum 
as two superimposed step functions. The high en- 
ergy step begins at 8.6 MeV and the lower energy 
step at 7 MeV, the high and low energy steps have 
the relative weights of 3 to 7. Since it is known that 
the total emission rate of alumina ranges from 0.1 to 
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1.0 a/cm? « hr, the integral over the approximation 
will be taken to be 1 a/cm? « hr. 


NUMBER OF ALPHAS 


4 6 10 


MeV —> 


Figure 5: Spectrum of alpha particle emission rate vs. particle energy 
from an alumina lid. (Data from Meieran et al, ref. 23). 


The maximum charge transfer which can occur as 
a result of a single particle is caused by a particle 
coming in at such an angle that the complete path 
length is within the gate oxide. (This requires that 
§>88.85°. However, 0<89.43° because for larger 
angles, the path length of the overgiass is so long 
that no particles get through. Moreover, at 6=89°, 
the particle energy must be greater than 6.8 MeV to 
penetrate the glass.) If such a particle were to hit a 
cell so that 5 of path length lay within the cell it 
could lose ~1.4 MeV. This implies a transfer of 
15,550 electrons. The gate which is under consider- 
ation requires ~450,000 electrons to charge the 
state (assuming internal 2 V margin) or about 30 of 
these pathological alphas. Because the number of 
pathological alphas needed is >1, we can turn to a 
calculation of the average energy loss/particle. 

We make the simplifying assumptions that the 
fraction of particles lost in the overglass from each of 
the two step functions contributing to the energy 
spectrum is given by the ratio of the path length in 
the overglass to the range of the highest energy 
particle in the step function, and that the energy loss 
rate in the effective charge collection region is that 
for 1 MeV. The first assumption causes an underes- 
timation in the particles stopped in the overglass, 
and the second overestimates the energy contrib- 
uted to charge generation. Under these assump- 
tions the charge transferred from the floating gate by 
No alpha particles is given by: 
max 
sin6 


Q,= 2No Zn Ye, (9E) CS 


[1- B\/cosé] dé 
J x re) cost 
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where r| are the relative contribution of the two com- 
ponents in the spectrum; ¢; is the effective path 
length for charge generation; C; is the conversion 
factor from energy loss to collected charges; 8; is the 
fraction lost in the overglass; and 8x is taken to be 
the angle whose tangent is the gate length divided 
by the sum of the gate electrode and gate oxide 
thicknesses. 

From this, one can find that the average alpha 
particle causes 580 electrons to be transferred from 
the floating gate. This means that about 750 alpha 
particles must hit the gate to change its state. 

The problem becomes that of finding the probabil- 
ity that at least one cell has been hit 750 times, given 
that the average cell has been hit n times. For 
tunately, the numbers are large enough that we can 
invoke the law of large numbers and approximate 
the distribution as normal with variance Vn. If the 
array contains m cells then the probability that at 
least one cell is hit nNrit times is given by: 


_ m a 12 m -7°/2 
eer Se et 


when Z = (neit- nN) / Vin 


as long as Q<1.*4 

If n = 500, then Q < 1.84 x 10°' for a 16K chip 
and Q<5.1 x 10°'* for a 64K chip. For the chip size 
and alpha flux assumed, the expected period for the 
average alpha count per cell to reach 500 is 7 x 10° 
hours. Given the approximations we have made, this 
probably understates the actual time by about an 
order of magnitude. 

Turning briefly to carriers created by Al ions, we 
note that very few ions have energies in excess of 3 
MeV.'? Since this energy is below the Bragg peak for 
Al in Si, the ions stop fairly quickly. Nonetheless, the 
maximum energy loss rate is ~120 eV/A in SiOo. 
Since the maximum energy of the Al ions is ~3 MeV, 
the maximum charge which would be collected from 
this ion is about 30,000 electrons which is still small 
enough that we can use normal statistics. Because 
of the small cross section for creation of these ener- 
getic ions, we can neglect this mode of charge gen- 
eration for devices operating in normal terrestrial 
environments. 


SCALING 


The effect of scaling on the firm error rate on float- 
ing gate devices is interesting because it is very dif- 
ferent from that which occurs in volatile memories. If 
we assume that both lateral and vertical dimensions 
are scaled by a factor A, then the storage capaci- 
tance decreases as \. However, since the charge 
collection is dominated by generation in the oxide, it 
decreases like \°. If the voltage margin decreases 
like A, the expected time for upset increases as \, if 
the voltage margin is held constant, the expected 
time for upset increases like \*. Thus, scaling should 
decrease the firm error rate. 


EXPERIMENTAL 
RESULTS 


To verify the theoretical results presented here, 
floating gate nonvolatile memories have been 
exposed to two types of radiation: gamma rays, rep- 
resenting massless particles, and alpha particles, 
representing massed particles. Table ! gives the 
results. The devices tested contained a checker- 
board pattern to look for firm error sensitivity for ei- 
ther bias of the floating gate. 

As can be seen, no firm errors could be observed. 
The gamma radiation caused the devices to fail to 
meet the output leakage specification after 12,000 
RAD. Measurement of the threshold of the output 
transistors showed that the thresholds had dropped 
from ~0.7V to ~OV. 

The alpha particle fluence to which these devices 
were exposed was approximately that which would 
be seen after 200,000 years in a dirty package (1 
a/cm? « hr) or 2,000,000 years in a clean (0.1 a/cm? + 
hr). These results are in good agreement with the 
predictions. 


TABLE | 
Radiation Energy/ Integrated #Units #Firm Part 
Type quantum Surface Flux Tested Errors Type 


58.6 keV 200RaD | 10 ~S*dYS 
Alpha Radiation 5.3 MeV 2.6 x 10° a/cm? a a ee ae X2816 


0019-5 


10-47 


SUMMARY 


The question of “firm” errors in floating gate non- 
volatile memories has been treated. A firm error is 
defined as a change of data occurring as the result 
of transfer of charge from the floating gate by ioniz- 
ing radiation. The rate of charge transport by various 
forms of ionizing radiation is discussed. The case of 
alpha particles is worked out in some detail as an 
example. Experimental results of exposure of units 
to gamma and alpha radiation are shown which sup- 
port the theoretical predictions. The units in test 
survived exposure to 12,000 RADs and 2.6 x 10° 
a/cm* without firm errors. The alpha fluence is equiv- 
alent to that emitted by a typical ceramic package in 
about a million years. 


REFERENCES 


1. e.g., Roger Freeman and Andrews Holmes- 
Siedle, IEEE Trans. Nucl. Sci. NS 25, 1216 
(1978); J.M. Aitken, J. Electronic Mat. 9, 639 
(1980). 


2. T.C. May and M.H. Woods, Proc. 16th Annual 
International Reliability Physics Symp., 33 
(1978). 


3. D.S. Yaney, J.T. Nelson, & L.L. Vanskike, IEEE 
Trans. ED26, 10 (1979). 


4. C.M. Hsieh, P.C. Murley & R.R. O’Brien, Proc. 
19th Annual Reliability Physics Symp., 38 
(1981). 


5. R.P. Capece, Electronics 52, Mar. 15, p.85 
(1979). 


6. R.M. Broudy, Phys. Rev. B1, 3430 (1970). 


7. For more sophisticated treatments of electron 
emission from solids cf. Leon Sutton, Phys. Rev. 
Lett. 24, 386 (1970); C.N. Bergland and W.E. 
Spicer, Phys. Rev. 136, A1030 (1964); Sven 
Tougaard and Peter Sigmund, Phys. Rev. B 25, 
4452 (1982). 


8. Lindau and W.E. Spicer, J. Electron Spectros- 
copy and Related Phenomena 3, 409 (1974). 


10-48 


24. 


. G.W. Gobeli and F.G. Allen, Phys. Rev. 127, 141 


(1962). 


. WE. Spicer, J. Physique 34, C6 (1973). 
. WE. Spicer, in “Optical Properties of Solids 


—New Developments”, ed. B.O. Seraphin, 
p.658, North-Holland: Amsterdam (1976). 


. H.R. Phillips and H. Ehrenreich, Phys. Rev. 129, 


1550 (1963). 


. RJ. Powell, J. Appi. Phys. 40, 5093 (1969). 
. LA. Callcott, Phys. Rev. 161, 746 (1968). 
. J.R. Srour, O.L. Curtis, Jr, and K.Y. Chiu, IEEE 


Trans. on Nuclear Science NS-21, 73 (1974). 


. G.A. Ausman, Jr. and F.B. McLean, Appl. Phys. 


Lett. 26, 173 (1975). 


. Robert B. Leighton, “Principles of Modern 


Physics”, pp. 421-425, McGraw-Hill, New York 
(1959). 


. Hans A. Bethe and Julius Ashkin, in “Exper 


imental Nuclear Physics”, ed. E. Segre, John 
Wiley, New York (1953). 


. J.F. Ziegler and L.A. Langford, Science 206, 776 


(1979). 


. E.L. Petersen, IEEE Trans. on Nuclear Science 


NS 27, 1494 (1980). 


. W.K. Chu and D. Powers, Phys. Rev. 187, 479 


(1969). 


. J.E.E. Baglin & J.F. Ziegler, J. Appl. Phys. 45, 


1413 (1974). 


. E.S. Meieran, PC. Engel, & T.C. May, Proc. 


17th Annual Reliability Physics Symp., p.13 
(1979). 


Marvin Zelen and Norman C. Severo, in Hand- 
book of Mathematical Function, eds. Milton 
Abramowitz and Irene A. Stegun, p.926, Na- 
tional Bureau of Standards (1964). 


0019-6 


® 


THE PREDICTION OF FLOATING GATE STRUCTURE 
TEXTURED POLY i “GATE 
FLOATING GATE “~ (eam 


MEMORY ENDURANCE ee 
By H.A. Richard Wegener & 
Daniel C. Guterman ors 

ete ERASING 


BACKGROUND OO 


: Figure 1: The nonvolatile part of a NOVRAM* cell is shown schematically 
The Textured Poly Floating Gate (TPFG) memory with the permanently grounded poly 1 at right, the floating gate formed by 
is one of the three major nonvolatile semiconductor poly 2 in the middle, and poly 3, also serving as the program/erase line, 


memories currently in use. Details of its device theo- at the left. To program, poly 2 is coupled capacitively to a positive 
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potential; this results in strong coupling of the floating gate to poly 3, and 


ry and its use have appeared in previous publica- a high potential between poly 1 and 2. To erase, poly 2 is coupled 
tions.1-4 Its nonvolatile memory cell employs three capacitively to ground; this results in a high potential between the floating 
gate and poly 3. 


layers of polysilicon as shown in Figure 1. The most 


important feature of this cell is its ability to transfer —_ failure. In other nonvolatile technologies, the failure 
electrons to and from the floating gate through ox- = modes may involve dielectric breakdown or loss of 
ide thicknesses of the order of 55 nm to 75 nm, in _ retention. In TPFG memories, failure is particularly 
contrast to other nonvolatile memory technologies graceful: The addressed bit cannot respond suffi- 
that must have dielectrics as thin as 10 nm sur- __ ciently to a data change. This is due to the fact that 
rounding their floating gate. The thick dielectric in in this technology, the end of endurance is caused 
the TPFG memory cell has proven its advantage in by trap-up. Trap-up is the result of the accumulation 
manufacturability and reliability. This advantage is of trapped negative charge in the dielectric that is 
made possible by the presence of a textured sur- — caused by the repeated passage of current. The en- 
face, whose curved features generate a field en- — durance limit is reached when the potential due to 
hancement that permits Fowler-Nordheim emission this trapped charge grows so large that it suppress- 
at reasonable voltages. These features have the es the Fowler-Nordheim tunneling to the extent that 
shape of bumps on the poly surface. The modeling _ insufficient charge is transferred to change the state 
of emission from these surfaces formed the major of the floating gate. The modeling of endurance 
part of a recent paper.® Its results were that these — then simply involves the modeling of the build-up 
bumps can be approximated by spherical caps on _ of the negative charge as a function of the number 
the tip of truncated cones, so that the fields can be of pulses of Fowler-Nordheim current through the 
found using Laplace’s equation in spherical coordi- dielectric. 

nates. From S.E.Ms and T.E.Ms these bumps were 


known to have a range of sizes. It was found that a 
simple two-parameter Extreme Value distribution of DESCRIPTION OF 
the cap radii was a sufficient description to get a ENDURANCE MODEL 


good fit of model and experimental data over five 


orders of magnitude of constant current, and eight A first step is the derivation of the voltage Va, 
orders of magnitude of fluence.° which is the voltage due to the trapped charge 
that opposed the voltage necessary for tunneling 
ENDUR ANCE Vty. The spherical cap model permits the use of 
Poisson’s equation in spherical coordinates. As 


shown in reference (5), Vq is calculated for a 
charge density defined by a spherical shell with a 
centroid radius Rg. An educated guess approxi- 
mates Rg with one half of the anode radius Ra. The 


Endurance is a characteristic common to all cur- 
rent nonvolatile semiconductor memory technolo- 
gies. It describes the number of program-erase Cy- 
cles that a memory device can sustain without 


*NOVRAM is Xicor’s nonvolatile static RAM device. 


10-49 


generation of charge density, following the results of 
previous workers ©.’ is made proportional to fluence 
(the time integral of current density JSJdt) by the 
trapping ratio b. This results in 


Vg = [Sddt] (b/K) (R2¢/Ra) (1) 


where K is the dielectric permittivity, and Re the ra- 
dius of the (emitting) cathode surface. 

Inspection of Figure 2 will help in understanding 
what happens during a single (erase) pulse. The or- 
dinate shows the voltage on the program/erase 
electrode, the abscissa the time during a pulse. The 
voltage changes linearly with time as shown, at a 
ramp rate r = dV/dt. This ramp rate is proportional 
to the current put out by the charge pump on the 
chip. As the voltage between floating gate and pro- 
gram/erase electrode increases, a voltage VrTy is 
reached where Fowler-Nordheim tunneling is initiat- 
ed. The tunneling current is exactly r < Croc, where 
Crag is the capacitance of the floating gate. Since 
the pump current is constant, Vry will be clamped 
at a value that keeps the tunnel current constant, 
but the voltage due to the charge transferred to the 
floating gate, Veg, will rise until the ramp is limited 
at a maximum voltage Vy. At this point, the tunnel 
current will fall off rapidly, since any charge trans- 
ferred will reduce the potential between floating 
gate and program/erase electrode. In the following 
analysis, the charge transferred after Viy is reached 
will be set to zero. The time, At, during which con- 
stant current flows through the dielectric is defined 
by the tunnel voltage Vty at the beginning, and Viy 
at the end. During this time, electrons will be 
trapped in the dielectric, in proportion to the fluence 
JX At. 

The next pulse will therefore encounter an in- 
creased opposing potential AVg, because of the 
trapped charge generated during the preceding 
pulse. The ramp voltage at which tunneling starts is 
now increased by this voltage, the net charge trans- 
ferred to the floating gate is decreased, and the 
time At during which constant current flows is also 
decreased. During endurance cycling, the polarities 
of the pulses are alternated, so that an erase is fol- 
lowed by a program pulse. The (program) ramp fol- 
lowing an erase pulse now encounters a potential 
due to charge transferred during the preceding 
pulse. This potential adds to that of the new ramp, 
so that the tunnel voltage is reached sooner, and 
constant current flows longer until Vjy is reached. In 
fact, if the structure is symmetrical for both program 
and erase conditions, the time during which con- 
stant current flows is exactly twice that for a single 
ramp starting with zero charge on the floating gate. 


CATHODE 
TIME At 
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Figure 2: The voltage at the floating gate as a function of time is shown 
for one particular erase pulse. The voltage (due to displacement) changes 
linearly with time until the tunnel voltage Vry is reached. Tunneling at 
constant current clamps the voltage at that value, resulting in a voltage 
AVgg due to charge transfer. The trapped charge due to previous erase 
cycles gives rise to an opposing potential Vo. 


MATHEMATICAL MODEL OF 
SINGLE CELL ENDURANCE 


For the purpose of analysis, the floating gate is 
considered a mosaic of pieces, each containing one 
emitting bump of cathode radius R,j. All quantities 
with subscript i refer to one such representative 
piece. Setting the tunnel voltage at Vryo when no 
charge exists in the dielectric: 


Va — Vtuoi = Vai + VeGi (2) 
At) = Veai/t = (Vu — Vtuoi — Vai)/r (3) 
From Eq(1), the trapped charge in the dielectric af- 
ter an erase and a program pulse is 


AQj = 2 (b/K) (Rei2/Raj) JeniAt (4) 
This can be expressed as the rate of charge trap- 
ping per program/erase cycle n: 

dVqi/dn = aj (Vw — Vtuoi — Vai), where (5) 
aj = 2 (b/K)(Rei@/Rai) JEni/t (6) 


Integrating Eq(5), and setting Vqj equal to zero at 
n = 0, results in 


In (Vm — Vtuoi/(Vm — Vtuoi ~ Vai] = ain (7) 
Substituting Eq(2) into Eq(7) and solving for Vegi 
Veai = (Vu — Vtuoi) €xp (— ain) (8) 
The transition from the individual bump mosaic 
pieces to the full floating gate comes from the argu- 
ment that the floating gate voltage is really the sum 
of the charge contributions Q; from small amounts 


of current |; emitted by all bumps, divided by the 
floating gate capacitance Cec: 


VEG = 2Qj/Crg = [EIAt]/Crc (9) 
|, = 4ar Roj@ (S/4) Jeni. (10) 
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the Fowler-Nordheim Jeyj Current is 
Jeni = A Eci@ exp (—B/Egi), 
the field at the emitting bump is 


(11) 


Eoi = (—Vtui + Vai)/Reil1 — (Rei/Rai)] (12) 
the cathode radius 
Ro = Ru — BB [In — In(i — 0.5)/G] (13) 


Summing all bumps i from 1 to the total number of 
bumps G results in the complete expression for the 
dependence of the floating gate voltage due to tun- 
neled electrons Veg, on the number of endurance 
cycles n: 


Veg = (1/r Cg) 242 Rei@ (8/4) Jeni 
< (Va — Vtuoi) exp (— ain) 
The quantities after Jejj are the result of replac- 
ing At; in Eq(9) by Eqs(3) and (8). It now remains to 
define the end of endurance. Clearly, it arrives when 
the floating gate voltage is insufficient to establish 
the required logic level. The end of single cell en- 
durance (n = N,) occurs when the floating gate 
voltage reaches a defined value (Veg = VFqm) that 
is the boundary of that level. 


SINGLE CELL ENDURANCE 
DATA 


The test pattern used to characterize endurance 
is the nonvolatile part of a Xicor NOVRAM cell 
shown in Figure 3. The dimensions of the test cell 
are identical to those in a NOVRAM memory array. 
The advantage of this cell is that all voltages can be 
applied directly to this cell. Cycling is achieved by 
applying a ramp between ground and Vy. V¢q is 
read out by applying the same control voltage 
sweep simultaneously to ground, Vy and P/E con- 
trol. This couples to the floating gate and when a 
voltage equal and opposite to Vrg is reached, the 
(floating) gate on the sense transistor will indicate 
zero charge. Upon increasing the control voltage 
sufficiently the floating gate potential is increased by 
the threshold voltage of the transistor, turning on 
the sense line. This value of the control gate is then 
recorded, generating the plot shown in Figure 4. 
The ordinate shows the value of the control voltage 
necessary to turn on the sense transistor. Since 
Veg is positive in the erase state, a negative control 
voltage must be applied. Therefore, the lower 
branch of the window plot represents the erase 
state. When Veq approaches the threshold voltage 
of the transistor, its reaction becomes indetermi- 
nate, and the limit of the endurance of the cell is 
reached. (n = Noe when Veg = V7). This situation is 


(14) 
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indicated when the applied control voltage is exactly 
zero. Inspection of Figure 4 shows that the end of 
the endurance for that particular cell occurred at a 
number of cycles normalized to a value of 100. The 
same factor of normalization was applied to all data 
quoted here in order to prevent possible confusion 
with results from individual products, or with pub- 
lished specifications. 


CC3 
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Figure 3: This shows the circuit schematic of the nonvolatile part of a 
NOVRAM cell. Two transistors are shown in addition to the elements in 
Figure 1. Transistor Q7 controls the access to the junction used for 
capacitive steering of write and erase operations, and transistor Qg 
senses the voltage on the floating gate. Veg can be measured by turning 
Qz on hard, and finding the control voltage that must be supplied 
simultaneously to poly 1, poly 3, and capacitor CC2, in order to cause a 
specified current to pass through Qg. 


NOVRAM CELL ENDURANCE DATA 
5823 #24 BOTTOM 
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Figure 4: This is a plot of the charge transferred to the floating gate of a 
single NOVRAM cell as a function of the logarithm of the number of 
program/erase cycles. The actual floating gate voltage is the negative 
value of the control voltage minus the threshold voltage of Qg. 


RELATIONSHIP OF SINGLE 
CELL DATA TO LOT 
ENDURANCE 


The number of program-erase cycles at a control 
voltage of zero was determined for a number of sin- 
gle cell structures from the same wafer lot. The re- 
sults were plotted on log normal probability paper. 


The results can be seen on Figure 5. Careful read- 
ing of the abscissa will establish its relationship with 
the usual chart. In effect, the scale has been ex- 
tended on the low probability side of the distribution, 
and for simplicity of notation, the cumulative proba- 
bilities have been marked as their base ten loga- 
rithms. In a few selected locations near the right 
hand side, the equivalent percentage values were 
given in brackets. The single cell data points are on 
either side of the 50% line of the chart. The slope of 
the best fit straight line defines the dispersion of the 
distribution. 


RELATIONSHIP OF SINGLE CELL DATA 
TO LOT ENDURANCE 
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Figure 5: This shows the Log Normal probability plot of individual single 
cell endurance data. The right half of the plot is quite standard, as marked 
by typical cumulative percentages. The left half represents an extension 
of the standard chart to much lower probabilities, in order to permit 
predictions for specific members of a much larger population. 


In order to relate these results to the endurance 
of a commercial lot of NOVRAMs, the definition of 
the endurance of an integrated circuit with an array 
of memory cells should be recalled. This definition 
states that the limit of the endurance of a chip is 
reached when the first cell fails, after having sus- 
tained the same number of data changes as every 
other cell on that chip. If that chip has 1024 memory 
cells, then the cell with the lowest endurance limit of 
these 1024 cells defines the endurance of that chip. 
The cumulative probability for this is 1/1024. Any 
chip with 1024 cells can be expected to have that 
endurance. The number of cycles at the cumulative 
probability of 1/1024 therefore represents the aver- 
age endurance of a chip from a given lot. The low- 
est endurance on a wafer of chips is caused by the 
cell with the lowest endurance on that wafer. If 
there are, say, 850 chips per wafer, then the cumu- 
lative probability of this endurance limit is 1/(1024 
x 850). Looking now at a full 50 wafer lot, the low- 
est endurance of that lot has a cumulative probabili- 
ty of 1/(1024 x 850 x 50). The plotting of ranked 
data on probability paper requires “plotting posi- 
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tions” that result in about half the calculated cumu- 
lative probability values8 for the lowest value used. 
In order to be consistent with the plotted data 
points, the cumulative probability for the average 
chip endurance from the 50 wafer lot is 0.0005, and 
this is indicated by an arrow of Figure 5. Similarly, 
the lowest possible chip endurance on that wafer lot 
is 1E—6. 


COMPARISON OF SINGLE 
CELL PROJECTION WITH 
COMMERCIAL LOT DATA 


The endurance of individual arrays from a com- 
mercial lot can be described by a statistical distribu- 
tion and its parameters. Since the endurance of an 
array is determined by the lowest endurance of a 
fixed number of cells, an Extreme Value distribution 
describes the distribution of the lowest endurances 
of all the arrays, and therefore, of the arrays within a 
lot. This applies regardless of the distribution of the 
endurances of individual cells within the same array. 
lt is an empirical fact that it is the logarithm of the 
number of cycles that has the Extreme Value distri- 
bution,!1° very similar to the Log Normal distribution 
frequently found for data from electronic devices. 
Lot data can be handled simply by the use of Ex- 
treme Value probability paper. Available charts are 
designed for maximum extreme values. For mini- 
mum extreme values, such as the lowest endurance 
of an array, these charts can be used by substituting 
the complement for the cumulative probability of an 
observation in order to determine the plotting posi- 
tion. Instead of 6, (1 — ©) is used to determine the 
abscissa. Figure 6 is based on these considera- 
tions. 

The abscissa is labeled by the complement val- 
ues, which results in the reversal of the slopes of 
the straight line describing the distribution. The ordi- 
nate is (just as Figure 4) in terms of the logarithm of 
the normalized endurance. Since the distribution is 
described by a straight line in this coordinate sys- 
tem, it requires only two points to define its locus. 
These two points were determined in the previous 
section: the endurance of the average array, and 
the minimum endurance of the lot. The difference 
from Figure 5 (aside from the distribution function) is 
that the definitions of the cumulative probability val- 
ues have changed. In terms of an individual cell, the 
cumulative probability of the endurance of an array 
is related to 1/1024; in terms of the array, the cu- 
mulative probability is the expected average of indi- 
vidual array units. For the (maximum) Extreme Value 
distribution this is 0.57; since the shape of the 


distribution has not changed, the use of the comple- 
ment does not apply and the value of the (log of) 
endurance on Figure 5 at the larger arrow is entered 
on Figure 6 at d = 0.57. Similarly, the minimum en- 
durance of an array from a 50 wafer lot is now asso- 
ciated with a cumulative probability of 0.5/(50 x 
850) a value increased by a factor of 1024 over the 
corresponding single cell value (See preceding sec- 
tion). The cumulative probability for the minimum 
(array) endurance of a lot is therefore 1.2E—5, to 
be plotted at the 0.99999 position. A straight line 
drawn through this point and the array average es- 
tablishes the projected distribution of array endur- 
ances. This graphical technique of deriving lot en- 
durances from single cell data will be supplemented 
by an equivalent mathematical approach in the 
Appendix. 

How good is the fit to actual data? Endurances 
from a typical monitor of that general time slot in 
NOVRAM production are shown on Figure 6. The fit 
is not fortuitous: there are dozens of lot data with 
almost identical slopes over a range of roughly a 
factor of 0.5 to 2. Confidence limits (95%) from the 
single cell data permit a scatter twice as large. 
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Figure 6: This is a Log Extreme Value probability plot of the endurance of 
a lot of X2212 NOVRAMs. The points are measured values, the straight 
line represents endurances predicted from the single cell data shown in 
Figure 5. 


CONSTANT CURRENT 
TESTING 


The determination of endurance is a very time 
consuming process. In single cell data taking, typi- 
cally tens to hundreds of millions of cycles are re- 
quired. This routinely takes on the order of days to 
accomplish. For product endurance prediction, 
about twenty cells are needed, requiring simulta- 
neous testing for any semblance of monitoring effi- 
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ciency. A much more rapid method of evaluation 
has been in use for some time. It depends on the 
observation of the time necessary to reach some 
predetermined tunnel voltage, when a constant cur- 
rent is forced through the test structure. An empiri- 
cal factor correlates observed time with observed 
product endurance. Test times are on the order of 
ten to ten thousand seconds, depending on condi- 
tions used. Inspection of Eq(8) explains the reason 
for this. The time At during which constant current 
flows is proportional to Veg (Eq(3)). It is therefore 
exponentially decreasing with the number of write- 
erase cycles. Since the data ramp takes the same 
amount of time, whether current flows through the 
dielectric or not, the time consumed increases lin- 
early with the number of cycles, while the limiting 
process decreases exponentially. A constant cur- 
rent test adds the periods of current flow without 
pauses, reaching the condition for the trap-up limit 
of endurance in a minimum of time. 


MATHEMATICAL 
RELATIONSHIP BETWEEN 
ENDURANCE AND 
CONSTANT CURRENT DATA 


The work described in reference (5) proved that 
the constant current data can be modeled by bumps 
whose size have the proper distribution. Since this 
requires the addition of the contributions of thou- 
sands of bumps, the number of different bump radii 
necessary for a good fit was studied. It was found 
that at low fluences, a large number was necessary, 
but after a sufficient amount of charge has passed 
through the dielectric, the contributions from differ- 
ent bumps had nearly equalized, so that only a few 
bump radii were a sufficient description. After high 
fluences, a single bump, representative of the maxi- 
mum of the distribution of radii, could predict the 
tunnel voltage necessary to maintain a constant 
forced current. Since the end of endurance is 
brought about by high tunnel voltages after large flu- 
ences, this condition applies very well and is used in 
the following analysis. When, in Eq(14), Rgj is re- 
placed by Ry, the summation sign is replaced by a 
multiplication by G. Then the factor to the left of, 
and including, Jenj becomes I/(r x Crg). But! = r 
x Cre, so that, when R,j becomes Ry, 


No = (1/ay) In[(Vq — Vtuom)/VFaml) (15) 


Substituting r x At (see Eq(3)) for the voltage 
term in parentheses in Eq(5), multiplying by dn and 
integrating results in 


SdVgj = aj rf Atjidn (16) 


The integral of At with respect to the number of 
cycles is, of course the total time of constant cur- 
rent flow through the dielectric. At the endurance 
limit, Vagi = Vu — Vtuoi — VeEGmi, and the integral 
of time intervals is equal to the total time of con- 
stant current flow to the instant of the end of endur- 
ance, tnj. Again invoking the asymptotic limit of all 
Roi s becoming Ry, 
tn = (Vm — Vtuom — VFam)/r am (17) 
Solving Eq(17) for ay and substituting in Eq(15) re- 


sults in the expression for endurance as calculated 
from constant current data 


Nc = [r ty/(Vm — Vtuom — Vema)! (18) 
< In[(VM — Vtuom)/VFaml 

Conversely, the elapsed time at constant current 
tn equivalent to endurance Nc is obtained by inter- 
changing those two quantities in Eq(18). An esti- 
mate of the time advantage is obtained by realizing 
that in cycling, a minimum time of 2 X Vy/r is 
consumed per cycle. Since typically, some time, 
both analog and digital, is spent in the transition 
from programming to erasing, this minimum time is 
doubled. 

Therefore the elapsed time to reach the end of 
endurance by cycling tcc, is closer to 


tcc = 4Nc Va/r (19) 


Substituting pertinent values, one can find that ty 
is approximately tcc/50. 


EXPERIMENTAL 
CORRELATION OF 
CONSTANT CURRENT WITH 
CYCLING DATA 


Textured poly capacitor test patterns from the 
same wafers that had been used to obtain the sin- 
gle cell cycling data displayed in Figure 5 were sub- 
jected to forced constant current conditions, and 
their tunnel voltages were recorded as a function of 
time. An automated test system exists to perform 
this test on a routine basis. When tunnel voltage 
was plotted vs time, the data for ten such structures 
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resulted in Figure 7. According to Eq(17), when Vos 
= Vtu — Vtuo = Vm — Vtuo — Veen, then the 
end of endurance is reached. This condition is indi- 
cated by the horizontal line at that voltage. The time 
tn to reach that can be read off the graph and con- 
verted into equivalent cycles by Eq(18). These en- 
durances can then be plotted on a graph similar to 
that used in Figure 6. 


TUNNEL VOLTAGE VS. TIME 
AT CONSTANT CURRENT 
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Figure 7: This is a record of tunnel voltage (expressed as trap-up voltage) 
vs time. The end of endurance is reached when the tunnel voltage 
reaches a value Vaz The time associated with that voltage can be read 
off this chart. 


The area of the constant current structure was 
eight hundred times that of the single cell capaci- 
tors. Since its behavior is dominated by the highest 
current features, it is set equal to the endurance of 
the 400th lowest cell. This has been chosen as the 
average endurance of the lot of constant current 
devices. The fit in Figure 8 indicates good correla- 
tion between the two methods of determining en- 
durance. This means that product endurances can 
be legitimately predicted from constant current data. 
Test times on the order of ten seconds are short 
enough for the E-test stage of wafer evaluation: 
they clearly permit the prediction of product endur- 
ance. But as increasing knowledge leads to an im- 
provement in endurance, this time is expected to in- 
crease by several orders of magnitude. Eq(17) indi- 
cates a predictable acceleration technique. All that 
is needed is to increase the level of constant cur- 
rent, measure time to reach the voltage of the en- 
durance limit, and insert that value onto Eq(17). In 
addition, the value of r must be adjusted to reflect 
the new current value, according to r=I/Crg. Final- 
ly, a Secondary adjustment must be made to the val- 
ue of Vtyom by calculation. Another method would 
be to increase the area of the constant current de- 
vice to bring more low endurance features into play. 
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Figure 8: This is again a Log Extreme Value probability plot. The points 
are those calculated from the times measured via Figure 7. The straight 
line represents the endurance predicted from the single cell data in Figure 


SUMMARY 


We have described a coherent body of under- 
standing and data that permits the prediction of 
product endurance, and the use of devices for ac- 
celerated testing, from first principle device models. 
This fortunate circumstance arises from the advan- 
tageous technological feature of textured poly tun- 
neling, namely that there is one, and only one, 
mechanism that is prevalent in determining the end 
of endurance. 

This one mechanism is trap-up, the build-up of 
negative charge in the dielectric in proportion to the 
fluence of the tunnel current. The model for window 
closure and for single cell endurance flows naturally 
from this concept. The predictability of accelerated 
tests is also the result of this single unifying mecha- 
nism. The relationship with product endurance fol- 
lows from basic statistical considerations. 
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APPENDIX 


Mathematical Formulation for Lot 
Endurance from Single Cell Data 


The approach taken here is simply to translate 
the graphical operations performed in preceding 
sections into symbols. Underlying its simplicity are 
the operations leading to the design of probability 
papers. They begin by translating the cumulative 
distribution of a variable into a linear function of that 
variable. The single cell endurances have the form: 


oc = 1/2 + (1/2) {1 — exp [BELOW] } (A1) 
BELOW = [—(2/2) (In Nc — In Nc)2/e2] 


where ¢c¢ is the cumulative probability of single cell 
endurance Nc, Nc is the average cell endurance, 
and o its standard deviation. The function form cho- 
sen is an approximation’! to the normal distribution 
function. It is chosen here because it could be in- 
verted most simply into a form linear in Nc, since 
the intent is to make the operations more transpar- 
ent to the reader. The same operations could be 
performed by using the exact integral formulation of 
the cumulative probability of the normal distribution. 
Expressing Eq(A1) as a linear function of In Nc 


In Nc = InNc — @ X Fo, where (A2) 
Fo = {(—7/2) In [bc (1—c)] } 1/2 (A3) 


Eq(A2) relates any single cell endurance Nc to its 
probability factor Fo and via Eq(A3), to its cumula- 
tive probability 6c. The lowest endurance Nca ex- 
pected from an array of cells is defined by 


In Nca = InNc —o@ X Fea, where (A4) 
dca = [1/(#cells/array)] 


An equation like Eq(A4) can be set up for the min- 
imum endurance of a wafer lot Noy, where cy 
= [1/(#cells/wafer lot)]. For the lot endurances, 
an equivalent scheme is set up: 


In Na = InNa — (1/a) X Fa, where (A5) 
Fa = In[—In(1 — da)] (A6) 


Now Na is the endurance of an array (or chip), Na 
is the modal endurance of the lot, and Fa is the 
probability factor derived from the Extreme Value 
distribution. Incidentally, Fa is exact and not an 


approximation. In analogy to Eq(A4), the average ar- 
ray endurance Nag has the form 


In Nag = In Na — (1/a) X Fan (A7) 


The value of daa for the average of the distribu- 
tion must be 0.43, in order that its complement be- 
comes 0.57, the locus of the average of the (maxi- 
mum) Extreme Value distribution. The minimum en- 
durance of the lot has the same subscript as 
Eq(A7), except that subscript AM is substituted for 
AA. The probability factor Fay is based on day = 
[1/(#arrays/wafer lot)]. It will be realized that Nca 
= Naa, and Nom Nam. Therefore two simulta- 
neous equations can be solved for Na (the lot aver- 
age), and 1/a (the lot dispersion), in terms of single 
cell parameters: 


1/a = o X [(Fom — Foa)/(Fam — Faa)l, 
and 


(A8) 


InNa = In Nc —o@ X [(Foa X Fan — Faa 
< Fom)/(Fam — Faa)] 
Expressing Eq(A5) in terms of single cell parame- 
ters results in 


(AQ) 


InNa = In Nc —o X {[Foa(Fam — Fa) 
— Foa(Faa — Fa)l/(Fam — Faa)} 
In this way, the individual endurances expected 
from a commercial lot Na can be predicted from the 
size of the lot tested, which determines Fa, the sin- 
gle cell constants Nc and oa, and chip size details of 
that product, which convert the F’s with double sub- 
scripts into specific constants. 
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ABSTRACT 


This paper reviews the three dominant E2 tech- 
nologies today, namely the two floating gate ap- 
proaches of thin tunnel oxide and oxide on textured 
poly and the dual dielectric approach of MNOS. It 
evaluates each approach with respect to cell de- 
sign, operation, manufacturability, compatibility with 
established process technologies and reliability. It 
follows with a comparison of the technologies in the 
areas of development entry cost, scaling and reli- 
ability. After a review of the market place, this paper 
concludes with a projection of the requirements of 
E2 technologies to support full function, commodity 
E2 memories (E2PROM) as well as low cost micro- 
controllers and ASIC (Application Specific Integrat- 
ed Circuits). 


INTRODUCTION 


Electrically alterable nonvolatile semiconductor 
memory has been an area of active research for 
many years, with the promise that it will be the ulti- 
mate silicon memory. The first floating gate memory 
was proposed in 19671 and MNOS memories were 
reported at about the same time.2 In 1980, the first 
16K E2PROMs using MNOSS as well as floating 
gate technologies on FLOTOX4 were reported, 
while textured poly E2PROMs were reported in 
1983.5 However, after all these years of develop- 
ment in the laboratory and volume manufacturing, 
E2PROMs have yet to become a high volume, wide- 
ly used memory component compared to EPROMs, 
the closest equivalent memory with lower function- 
ality. There are many reasons given for the limited 
growth, ranging from the higher cost of E7PROM 
based products to poorly understood reliability of 
© 1986 IEEE. Reprinted, with permission, from INTERNATIONAL 


ELECTRON DEVICE MEETING, IEDM, Los Angeles, CA, December 
7-10, 1986. 
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these components. In this paper, we will focus on 
the technology factors by comparing the three dom- 
inant E2 technologies to date, and giving our own 
viewpoint on the development in the market place. 


DESCRIPTION OF 
TECHNOLOGIES 


FLOTOX (FLOating gate 
Tunnel OXide) 


The cross sectional structure of a FLOTOX cell is 
shown in Figure 1a. It consists of a floating gate 
transistor with a thin oxide grown over the drain re- 
gion. The floating gate is surrounded completely by 
high quality silicon dioxide, giving its superior reten- 
tion characteristics. Programming (electrons into 
floating gate) is achieved by taking the control gate 
to high voltage while erase (electrons out of floating 
gate) is achieved by grounding the control gate and 
taking the drain to high voltage. Because the pro- 
gram and erase coupling conditions are different, 
they have different design considerations. Electron 
transfer is through Fowler-Nordheim tunneling 
mechanism using electric field higher than 
10 MV/cm. The IV slope of tunneling is so steep 
that there is insignificant tunneling under normal 
read conditions for more than ten years. In order for 
the cell to properly operate in an array, it has to be 
isolated by a select transistor. Two cycles are re- 
quired to load the correct data. All cells in a byte are 
first programmed, and then selected cells are 
erased using the drain for data control. The manu- 
facturing process for FLOTOX is an extension of the 
EPROM technology, which in turn is an extension of 
the standard single poly silicon gate technology. 
The critical step in the process is the growth of high 
quality thin (<12 nm) tunnel oxide. For reliability, 
the dominant failure mechanism for FLOTOX is the 
breakdown of the tunnel oxide due to defects under 
the high field stress of the program/erase cycles, 
resulting in a leaky oxide.§ 


Textured Poly Cell 


The cross sectional structure of a textured poly 
cell is shown in Figure 1b. It consists of 3 layers of 
poly with overlap forming three transistors in series. 
The floating gate transistor is in the middle formed 
by poly 2. Again, the floating gate is surrounded by 
silicon dioxide for high retention. Programming is 


FLOTOX DEVICE STRUCTURE 


Figure 1a: Cross sectional structure of a FLOTOX memory cell. 


achieved by electrons tunneling from poly 1 to poly 
2 and erase is achieved by electrons tunneling from 
poly 2 to poly 3. The program and erase coupling 
again is different. The poly 3 is taken to high voltage 
in both cases, and the element which tunnels is de- 
termined by the voltage applied from the drain and 
coupled to the floating gate through the channel re- 
gion. The final data state is determined by the data 
state on the drain: this is a “direct write” cell with no 
need to clear before write as is required in the FLO- 
TOX cell. This is possible because there are two ac- 
tive tunnel elements. The tunneling process is fun- 
damentally still Fowler-Nordheim tunneling, with en- 
hancement of local electric field due to the geomet- 
rical effect of fine texture at the poly surface. The 
electric field enhancement factor is in the range of 3 
to 5, allowing much thicker oxides (60 nm to 
100 nm) to be used. No extra transistor is required 
in an array since the poly 3 transistor serves the 
function of select transistor, giving a much more 
compact cell layout. The manufacturing process for 
textured poly is again an extension of the EPROM 
process with the addition of an extra layer of poly. 
The critical process step in this process is the 
growth of the tunnel oxide on poly. Because thicker 
oxides are used, oxide breakdown is less of a prob- 
lem compared to FLOTOX. The dominant failure 
mechanism in a textured poly cell is electron trap- 
ping which results in memory window closure.” 
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Figure 1b: Cross sectional structure of a textured poly memory cell. 
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MNOS (Metal Nitride Oxide 
Silicon) Cell 


The cross sectional structure of a MNOS cell is 
shown in Figure 1c. It consists of a single transistor 
with a dielectric stack of silicon nitride on top of a 
thin layer of oxide (1.5 nm to 2.0 nm) on silicon. 
Typically, the transistor resides in a well so that the 
channel potential can be controlled. Unlike the float- 
ing gate, charge is stored in discrete traps in the 
bulk of nitride. Because of the discrete nature of 
traps, charge transfer has to occur over the large 
area of the channel region. This is different from 
floating gate devices where charge transfer can oc- 
Cur over a small area removed from the channel re- 
gion. On the other hand, any dielectric defect fatal 
to floating gates will only discharge local traps in 
MNOS. Programming is achieved by applying high 
voltage to the top gate whereas erase can be 
achieved by grounding the top gate and taking the 
well to high voltage. The program and erase cou- 
pling is symmetrical. Because of the very thin oxide, 
charge is being leaked off continuously due to the 
internal field, giving an ever diminishing window. In 
an array, select transistor is required to operate the 
cell properly. The select transistor may be 
separate3 or integrated8 in which case a more com- 
pact cell layout can be realized. Two cycles are 
again required to load the correct data. Further- 
more, the well potential has to be controlled during 
data change, which makes the array operation more 
complex. The manufacturing process for MNOS is 
an extension of single poly silicon gate technology. 
The memory transistor is fabricated after the first 
poly periphery transistors are formed to maintain the 
integrity of the dual dielectric storage element. The 
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Figure 1c: Cross sectional structure of a MNOS memory cell.8 


important steps include thin oxide growth, nitride 
deposition and post nitride temperature cycles. The 
biggest reliability concern is cell retention and its 
degradation with cycling.9 


COMPARISON 


The three different approaches have their techni- 
cal merit and difficulties. Any one of these technolo- 
gies can be made to work if they are given sufficient 
effort and focus. As a result, other considerations 
ranging from ‘‘comfort factors” to compatibility with 
available technologies tend to determine the choice. 


Development Entry Cost 


Entry cost is the amount of extra effort required to 
bring up a new technology. To an EPROM manufac- 
turer, it is relatively easy to take the FLOTOX ap- 
proach. The cell concept is simple and the tunnel 
oxide process is a straight forward variation of a 
standard high quality oxide furnace cycle. This is 
why the majority of companies have opted for this 
approach for their E2 effort. The textured poly ap- 
proach, on the other hand, depends on a tunneling 
process which is not generally understood and is 
believed to require tighter process control. The cell 
concept is more complex and the use of three lay- 
ers of poly imply higher wafer cost. These factors 
have limited the popularity of developing this ap- 
proach. Finally, MNOS approach requires the mas- 
tering of a number of difficult process steps. The 
growth and control of the ultra thin oxide, as well as 
the quality of nitride are critical issues. As a result, 
despite gaining initial momentum, MNOS has not 
achieved dominance as an E2 technology. 
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Scaling 


There are many factors that determine the size of 
a memory cell, and generally cell design represents 
finding the optimum compromise of a number of 
tradeoffs. Furthermore, as these technologies ap- 
proach fundamental physical or practical material 
limits, scaling will become increasingly difficult. For 
FLOTOX, there is large area requirement for layout 
of the two transistors plus the tunnel oxide area, 
dictated by minimum design rules. The select tran- 
sistor is limited by high voltage. Given the high oxide 
Capacitance of thin tunnel oxide, large poly to poly 
area is required for the sense transistor. Scaling of 
the tunnel dielectric is also limited by direct tunnel- 
ing at 6 nm and yield and reliability issues at 8 nm to 
10 nm. Typically, relatively high voltages (15V to 
20V) are required to operate the cell. As a result, 
FLOTOX cell does not scale well. 

In the case of textured poly, the three poly layers 
are integrated resulting in a compact layout. Cell 
size is limited more by lithographic registration of 
poly layers than by ability to resolve space between 
poly lines as is the case with FLOTOX. Furthermore, 
the thick tunnel oxide requires smaller coupling ca- 
pacitor area to give the required coupling. Given the 
same performance and reliability requirement, it is 
estimated that a textured poly cell is about a factor 
of two smaller compared to a FLOTOX cell for a 
given generation of technology. Textured poly does 
require higher operating voltage (>20V) and thus 
needs a high voltage technology to support it. Final- 
ly, scaling of the poly oxide involves more than thin- 
ning Gown the oxide as the field enhancement fac- 
tor changes with oxide thickness. 

The basic MNOS memory cell can be very small 
and highly scaleable. The select transistors, wheth- 


er separated’ or integrated, will limit scaling. How- 
ever, in either case, the cell size is better than FLO- 
TOX, and competitive with triple poly for a given 
generation of technology. One major problem is the 
requirement of well voltage control. Full byte func- 
tion is only possible with separate well, giving a 
large effective cell size. Page function® can be used 
to partially circumvent the well problem but limits 
endurance. For oxide thicknesses, there is little or 
no room to scale the ultra thin tunnel oxide, so most 
of the emphasis has been on scaling the nitride. 
Charge leakage from the scaled nitride to top gate 
has been solved by oxidizing the nitride to give a 
MONOS stack. Low program and erase voltages 
have been demonstrated at the expense of smaller 
operating window. 


Reliability 


One general problem for E2PROM is the limited 
information on the reliability of the technologies due 
to sample size or correlation problems. For floating 
gate technologies, there is no intrinsic problem with 
data retention, and because the technologies are 
designed to handle high voltage, there is very low 
failure rate due to normal 5V operation. Reliability 
problems occur during program and erase cycles in 
part because very high voltages are used. For FLO- 
TOX, there is random single bit failure due to oxide 
defect resulting in a leaky oxide that loses charge 
over time (see Figure 2). For textured poly, the aver- 
age electric field across the tunnel oxide is 3 to 5 
times lower compared to FLOTOX. As a result, ox- 
ide breakdown failure is reduced significantly. On 
the other hand, there are more electron traps in the 
oxide, and the impact of electron trapping is magni- 
fied by the 3 to 5 times field enhancement factor. 
Consequently, electron trapping is the dominant fail- 
ure mechanism, showing up as a failure to program 
or erase. The failure can be projected real time with 
margining techniques and since trapping is an intrin- 
sic property, failure probability can be easily project- 
ed. In MNOS, charge retention is the dominant reli- 
ability issue (see Figure 3). The charge loss process 
is time dependent, resulting in continuous loss of 
cell margin and performance. The degradation 
based on short term data is difficult to predict. The 
ultra thin oxide is stressed by electric field compara- 
ble to FLOTOX and retention is further degraded 
with program and erase cycles. So far, wide varia- 
tion in retention and endurance are being reported 
based on limited sampling.9 
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Figure 2: Endurance of 3 E? Technologies: FLOTOX and textured poly 
processed at Intel (16K arrays), MNOS data from Hitachi (prorated to 
16K). 
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Figure 3: Data Retention: Floating gate, no intrinsic charge retention 
problem; MNOS, continuous charge loss and window closure tending to 
become worse after cycling. 


THE MARKET PLACE 


Though E2PROMs have been available for the 
last five years, their usage has not grown to the vol- 
umes projected. A host of new and established 
companies have become active in the field, but lack — 
of technology and product feature standardization, 
together with high cost and reliability concerns have 
limited the growth in the market place. The major 
issues for 16K have been 5V only, address/data 
latch vs no latch, ready/busy vs data polling, 24 pin 
vs 28 pin, 1 ms vs 10 ms program, self timed vs 
user timed, with and without Vcc lockout and 10K 
vs 1 Million cycles endurance. Byte vs page function 
and page size are issues at 64K density level. In 
addition, one can choose oxynitride vs oxide for 
FLOTOX, textured poly vs FLOTOX for floating 
gate, and MNOS vs floating gate for E2. The reliabil- 
ity claims are difficult to understand and verify due 
to the link of failure to endurance cycling. Different 
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methods are used in reliability evaluation, and no 
standard exists to allow a meaningful comparison. 
For example, high temperature cycling is worse 
case for FLOTOX but may be best case for textured 
poly. Nevertheless, there has been continued 
growth in the E2PROM market, sustained by a wide, 
diversified application base. The driving force is 
end-user, in-the-field customization capability of- 
fered to microprocessor based products, which is 
either unavailable, unreliable or not cost effective 
using other techniques. As a result, standards are 
now established following 5V-only RAM-like func- 
tionality, and the cost and density gap to competing 
solutions continues to close. 


FUTURE TRENDS 


There are two major driving forces in the develop- 
ment of E2 technologies for the future. One of them 
is high density memories, requiring small memory 
cell size for the lowest cost per bit. The second re- 
quirement is low density nonvolatile memories in mi- 
crocontrollers and programmable logic type applica- 
tions. In the latter case the absolute cell size is not 
as important as process simplicity and low cost of 
the overall technology. MNOS based E2 memories 
will continue to be used in low density memory as 
well as military applications requiring high radiation 
tolerance. However, it has only enjoyed limited pop- 
ularity for use in high density memory and the trend 
will continue. A majority of companies have opted 
for FLOTOX as their first E2 technology because of 
the simple device physics and the low entry cost for 
development. Recently, many Japanese companies 
have announced 64K E2PROMs based on FLOTOX 
for the smart card market. A number of companies 
have applied FLOTOX in ASIC and programmable 
logic array applications. In fact, some have devel- 
oped single poly versions of FLOTOX for synergy 
with random logic technology. However, for stand 
alone high density E2 memories, FLOTOX will be in- 
creasingly limited by defect oxide breakdown prob- 
lems,!9 giving unacceptable failure rate above the 
64K level, unless thicker oxides or new dielectrics 
can be used in new approaches. Error correction 
codes can also be used but at the expense of addi- 
tional die cost.11 Finally, textured poly inherently 
gives a smaller memory cell and suffers least from 
the oxide breakdown problem. Electron trapping is 
an intrinsic property that can be predicted and easily 
screened. Consequently, textured poly technology is 
expected to be most reliable and cost effective for 
256K and above densities, while the higher cost of 
a three layer poly process may limit its use in logic 
applications. 


10-61 


The nonvolatile memory technology is an ever 
evolving field. Memories12.13,14 based on hybrid op- 
eration of programming by EPROM and erase by 
tunneling have gained interest. The erase function is 
generally limited to the full array and thus it is called 
FLASH erase. Recent approaches offer cell size 
and technology complexity comparable to EPROMs, 
and the functionality of electrical erase. If such tech- 
nologies are proven to be reliable and manufactura- 
ble, they will fill the need of a special market seg- 
ment and become another major force in the devel- 
oping nonvolatile memory market. 


SUMMARY 


We have reviewed the three dominant E2 technol- 
ogies today. MNOS is used in low density memories 
as well as military applications, but enjoyed only lim- 
ited popularity for high density memories. FLOTOX 
has been the most popular approach because of its 
simplicity and is most suited for low density memo- 
ries and programmable logic type application. Tex- 
tured poly gives the smallest memory cell size and 
is the most cost effective and reliable approach for 
high density memories. 
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NEW ULTRA-HIGH 
DENSITY TEXTURED 
POLY-Si FLOATING 
GATE E2PROM CELL 


By D. Guterman, B. Houck, 
L. Starnes and B. Yeh 


This paper describes a new, highly scaled cell 
structure, the smallest full function E2PROM cell re- 
ported to date. It utilizes the textured triple-poly-si 
technology, exploiting the high degrees of structural 
and functional integration, to achieve a cell size of 
31 2. A top view of the cell, built with 1.2 micron 
rules is shown in Figure 1, with cell cross-section 
and equivalent circuit shown in Figures 2 and 3, 
respectively. 


POLY 3 POLY 1 
GROUND 
DIFFUSION 
BIT LINE | 
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BIT LINE 


0023-1 
Figure 1: Cell top view. 
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Figure 2: Cell cross-section. 
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Figure 3: Cell equivalent circuit. 


© 1986 IEEE. Reprinted, with permission, from INTERNATIONAL 
ELECTRON DEVICE MEETING, IEDM, Los Angeles, CA, December 
7-10, 1986. 
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Very small memory cell size is achieved by ex- 
ploiting the vertical integration of the three poly lay- 
ers to form a merged gate single transistor cell. This 
cell is made possible through the dual functions in- 
corporated within various key components; specifi- 
cally, (1) the poly 3 element, which functions as 
both word line select transistor and erase tunneling 
anode (2) the poly 1 electrode which serves the 
dual role of cell ground isolation transistor and pro- 
gramming cathode during write operation, and (3) 
the poly 2 floating gate transistor whose channel re- 
gion establishes both the floating gate charge-con- 
ditional current path for reading and the input-data- 
conditional steering capacitor for writing. Charge 
transport to and from the floating gate is through 
Fowler-Nordheim tunneling, established by the geo- 
metrically enhanced fields at the textured poly inter- 
faces between poly-si layers. This allows tunneling 
injection and transport to occur across oxides of 
thickness greater than 500A at voltages less than 
15V. In comparison to ultrathin (100A) E2PROM 
technologies, the thicker interpoly oxides result in 
lower parasitic capacitance of the tunneling ele- 
ment, improved dielectric reliability because of the 
3-5 x lower average fields in the oxide, and an eas- 
ier path to oxide scaling. 

Because of the simultaneous incorporation of the 
poly 2 to 1 programming and poly 3 to 2 erase tun- 
neling elements, data storage is a direct, single 
pass operation, involving the following sequence 
(see Table |). First the poly 1 line, common to the 
entire array, is brought low, cutting off the conduc- 
tion path from bit line through the cell to array 
ground. Next, the bit lines are set up to either OV for 
an erased state or about 16V for a programmed 
state. Finally, the poly 3 word line is ramped up to 
about 22V in 1 ms to drive the nonvolatile charge 
transport. To erase, the bit line is grounded, where- 
upon the channel under poly 2 capacitively steers 
the floating gate towards ground. This induces suffi- 
cient voltage across the poly 3/2 tunneling element 
to remove electrons from the floating gate. When 
the bit line is high for programming, the channel po- 
tential steers the floating gate positively. This 


TABLE I: OPERATING CONDITIONS 


Write 
Erased State 


induces sufficient voltage across the poly 2/1 tun- 
neling element to inject electrons onto the floating 
gate. 

Following up on the present 256K product experi- 
ence, a number of fundamental factors are incorpo- 
rated into the technology to maintain a high degree 
of reliability with scaling. Dielectric integrity and ex- 
cellent charge retentivity is preserved through the 
use of thick, high quality thermal SiO» dielectrics, 
throughout. Direct write cell operation provides 
shorter write time by eliminating the unconditional 
clear before write. As in previous floating gate 
E2PROMs, 5V-only capability via on-chip voltage 
multiplication is possible because of the efficient 
Fowler-Nordheim tunneling mechanisim. 

Small test arrays of the 31 p2 cell, shown in the 
SEM views of Figure 4, have been built and operat- 
ed successfully for endurances of 1 million writes. 
Figure 5 shows a representative extended endur- 
ance plot, demonstrating erased state cell currents 
of greater than 40 pA and programmed cells having 
thresholds of greater than 5V, thereby remaining in 
cutoff. 


26655 
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Figure 4a: Cell SEM top view. 
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Figure 4b: Cell SEM cross-section. 


ENDURANCE DATA 
LOT # BD230001S/04 X130/1 


70 
60 
50 
40 
30 


Current in microamps 


000001 
oho k 


Number of write cycles 


0023-6 
Figure 5: E°7PROM cell test endurance data. 


In conclusion, this paper reports the smallest full 
function E2PROM cell described to date. Small size 
is a result of a cell in which elements serve multiple 
functions and a technology which is conducive to 
scaling. This approach will serve as foundation for 
developing future generation E7PROMs beyond to- 
day’s 256K density. 
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RELIABILITY 
COMPARISON OF 
FLOTOX AND 
TEXTURED POLY 
E2PROMs 


By Neal Mielke—intel Corporation 
Lori J. Purvis & H.A. Richard Wegener— 
Xicor, Inc. 


SUMMARY 


FLOTOX and Textured Poly E2PROMs share the 
excellent retention and lifetest performance of the 
more common EPROM. In particular, retention fail- 
ures add only about 20 FIT to lifetest failure rates in 
the 100 FIT range. The lifetest failure rates compare 
favorably with those of simple static logic products, 
because these high voltage devices have no oxide 
breakdown problems during 5V operation. FLOTOX 
endurance is limited entirely by oxide breakdown, 
overwhelmingly of the tunnel oxide. Window closing, 
caused by electron trapping, occurs but does not 
cause failure in well-designed products. 

The Textured Poly approach offers a reliability 
tradeoff: less oxide breakdown but more window 
closing. This tradeoff becomes favorable at higher 
densities. This is because oxide breakdown, being a 
defect mechanism, worsens with increasing memory 
size and with scaling of oxide thickness. Window 
closing is an intrinsic mechanism that does not 
worsen dramatically with higher density. The two 
failure mechanisms—oxide breakdown and window 
closing—should be treated separately in reliability 
evaluations because they have different dependen- 
cies on cycling, temperature and retention bakes. 


RETENTION 
CHARACTERISTICS 


The E2PROM retention is at least as good as the 
EPROM retention, as shown in Table |. The 0.2% 
failing for the | 2817A represents only 20 FIT added 
to the failure rate. All retention failures are at most 
only a few bits out of the memory array. Intrinsic 
retention limitations simply do not exist on these 
technologies; most bits have essentially unlimited 
retention. 

Excellent retention is expected with these tech- 
nologies for two reasons: 


1) The stored charge on the floating gate is con- 
tained by the 3.2eV energy barrier which exists at 
the Si-SiO» interface. This barrier height is quite 
high, comparable to the barriers preventing dop- 
ant atoms from redistributing. 


2) The oxide layers, even with FLOTOX, are thick 
enough to prevent carriers from tunneling off the 
floating gate during low voltage operation. 


LIFETEST PERFORMANCE 


TABLE Il: LIFETEST COMPARISONS OF INTEL 
E2PROM, EPROM AND STATIC LOGIC 


125°C Lifetest Predicted 
Technology Failure Rate (55°C, in FIT) 


2817A 

27256 

21148, 
8088, etc. 


FLOTOX 
EPROM 
HMOS-II 


0 36 70 
0 ee 63 
110 0 120 


The failure rates predicted from lifetest in Table II 
compare favorably with those of EPROMs, which in 


TABLE |: RETENTION COMPARISON OF INTEL EPROM AND E2PROM, AND XICOR E2PROM 


EPROM 
FLOTOX 
Textured Poly 


| 2764A 
| 2817A 
X2864G 


*Represents ~ 15 Years at 55°C (Eq = O0.6eV). 
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% Fail in Retention Bake 


turn compare favorably with those of non-floating 
gate technologies. E27PROMs compare favorably 
with EPROMs because they are very similar tech- 
nologies. It is only during endurance cycling that 
E2PROM operation differs significantly from EPROM 
operation. EPROMs and E27PROMs compare favor- 
ably with static logic devices because the nonvola- 
tile devices are built on high voltage technologies 
and are operated during product testing at high volt- 
ages. This all but guarantees that there will be no 
oxide breakdown failures during 5V operation. Static 
logic devices generally are dominated by oxide 
breakdown. In addition to the Intel data above, NEC 
has reported that 65% of field failures from 1976 to 
1979 were due to oxide failure. 


ENDURANCE 
CHARACTERISTICS 


PERCENT 
-N ££ 


OO- VCS Se Se 
MO COO OO OO 


Oo 
= 


CYCLES 
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Figure 1: Percent fail vs. number of cycles at room temperature for 
FLOTOX (2816A, 2817A) and Textured Poly (2864). 


FLOTOX endurance, as shown in Figure 1, has a 
single broad distribution of failures. Textured Poly 
endurance has a low level defect tail followed by a 
sharp wearout beyond 150K cycles. The curves im- 
ply that the Textured Poly approach offers a trade- 
off under which a lower defect tail can be had at the 
expense of some wearout endurance. There are 3 
primary failure mechanisms represented in Figure 1: 


1) Tunnel Oxide Breakdown—the dominant 
FLOTOX mechanism, also responsible for part of 
the Textured Poly defect tail. 


2) Gate Oxide Breakdown—responsible for the re- 
mainder of the Textured Poly defect tail. 


3) Window Closing—the cause of Textured Poly 
wearout. 


These three mechanisms will be discussed in 
turn. 


ENDURANCE: TUNNEL OXIDE 
BREAKDOWN 


A typical FLOTOX or Textured Poly cell can be 
cycled over a million times without oxide failure or 
any degradation in retention characteristics. Occa- 
sional defective tunnel oxides will eventually break 
down under the high electric field (~ 10 MV/cm) 
necessary for tunneling. When this occurs, the de- 
fective cell will either become stuck to one logic 
state (if the oxide is truly shorted) or fail to retain 
charge (if the oxide is only leaky). Generally, the ox- 
ide breakdown increases gradually with cycling—a 
bit becomes leaky slowly, then faster, and eventual- 
ly it becomes stuck. Tunnel oxide breakdown is re- 
sponsible for about half of the Textured Poly defect 
tail. It displays the same characteristics as FLOTOX. 


ENDURANCE: GATE OXIDE 
BREAKDOWN 


Both E2PROM types require high voltages to pro- 
gram and erase. This puts high stress on MOS gate 
oxides both in the cell and in the logic circuitry using 
high voltage. This high stress causes defective gate 
oxides to break down. Typical symptoms are a row 
or column failure or failure of the entire device. This 
failure mechanism is responsible for the remainder 
of the Textured Poly defect tail. 

Although more common on Textured Poly than on 
FLOTOX because of somewhat higher voltages, the 
overall oxide breakdown failure rate of Textured 
Poly (tunnel oxide plus gate oxide) is still significant- 
ly lower than that of FLOTOX. 


ENDURANCE: WINDOW 
CLOSING 


During endurance cycling, some of the electrons 
tunneling through the tunnel oxides become trapped 
there. The resulting negative oxide charge inhibits 
further tunneling. The effect of this electron trapping 
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is that with further cycling a cell requires higher and 
higher voltages to program and erase. This mecha- 
nism is responsible for the entire wearout region of 
the Textured Poly curve but is non-existent in the 
FLOTOX curve. 

In Figure 2 Textured Poly shows a dramatically 
higher rate of trap-up. As a result, window closing is 
the dominant wearout mechanism of Textured Poly, 
whereas it is an issue of FLOTOX only if the circuit 
design is marginal. 
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0024-2 
Figure 2: Trap-up vs. cycles for Textured Poly (2864) and FLOTOX 
(2816A). Trap-up is measured in terms of the increase in programming 
voltage AVp necessary to program the cell. 
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Figure 3: FLOTOX and Textured Poly structures. 


Trap-up is greater in the Textured Poly approach 
because: 


1) The trapping probability for a single electron is 
proportional to No To x, which for the same trap 
density N and cross-section o is greater for Tex- 
tured Poly, since To x is greater. 
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2) The effect of the trapped charge is multiplied by 
the same field acceleration factor responsible for 
the field enhancement used for tunneling. 


3) There is less field induced detrapping because 
the average electric field is lower. 


Tunnel oxide breakdown is less frequent in the 
Textured Poly approach because: 


1) The tunnel oxides are thicker and therefore are 
less sensitive to microscopic defects. 


2) The high electric field responsible for tunneling 
occurs only in the region of oxide near texture 
points; the bulk of the oxide sees only low field 
stress. 


The trap-up/breakdown tradeoff is fundamental 
to the Textured Poly approach. 


BENEFITS OF THE 
TRADEOFF 


Trap-up is an intrinsic mechanism, determined by 
trap density, trap cross-section, and initial window 
size. There is some variation from cell to cell in 
these parameters, causing some to fail somewhat 
earlier than others, but the distribution is relatively 
tight. As a result, trap-up endurance becomes only 
slightly worse with increasing memory size. 

In contrast, oxide breakdown is a defect mecha- 
nism, and the failure rate is proportional to the de- 
fect density and the memory size. As a result, 
FLOTOX endurance will always become proportion- 
ately worse with increasing memory size unless de- 
fect density is continually improved. In addition, 
scaling FLOTOX implies scaling the tunnel oxide 
thickness, making the oxide even more sensitive to 
defects. 

For this reason, there is a crossover in reliability 
between FLOTOX and Textured Poly, with the Tex- 
tured Poly tradeoff becoming favorable at high den- 
sities. Excellent endurance even at high densities is 
possible with the Textured Poly approach because 
the defect tail, being only low level, can be 
screened. 
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Figure 4: Comparison of median endurance for FLOTOX (2816A) and 
Textured Poly (2212) as a function of cycling temperature. 


FLOTOX failure, due to tunnel oxide breakdown, 
is accelerated by cycling temperature (Ex ~ 
0.18eV), as shown in Figure 3. Textured Poly failure, 
due to window closing, is decelerated by cycling 
temperature (Eg ~ —0O.11eV). Whereas it is well 
known that temperature accelerates oxide break- 
down, it also accelerates detrapping of electrons 
and therefore extends Textured Poly endurance. 

A reliability evaluation of these two products per- 
formed at 50°C would detect equivalent median en- 
durances, but an evaluation performed at room tem- 
perature would favor FLOTOX by about 5 x and one 
at 125°C would favor Textured Poly by about 10. 
This temperature acceleration holds true for the me- 
dian endurance, but the Textured Poly defect tail is 
due to oxide breakdown and will tend to behave 
more like the FLOTOX data. 


EFFECT OF BAKES 


In many FLOTOX endurance evaluations, less 
than half of the oxide breakdown failures actually 
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fail to program correctly. The remainder are cases 
of oxide degradation and suffer reduced retention 
instead. As a result, retention bakes must be per- 
formed after cycling on FLOTOX in order to ade- 
quately detect cycling failures: 


TEST FOR CORRECT PROGRAM/ERASE 
72- HOUR 150°C RETENTION BAKE 
TEST FOR RETAINED DATA 
0024-5 


In order to take intermediate readouts (after, say, 
2K and 5K cycles), the flow of test/bake/test may 
be repeated at each readout. This worst-case flow 
for FLOTOX may be best-case for Textured Poly, 
however, because high temperature retention bakes 
cause electrons to detrap significantly, reversing pri- 
or window closing and therefore increasing mea- 
sured endurance. 


SUGGESTED ENDURANCE- 
EVALUATION METHODOLOGY 


The best way to measure E2PROM endurance is 
to run separate evaluations for the two dominant 
failure mechanisms: window closing and oxide 
breakdown. 


Window Closing 


SMALL SAMPLE OF MEMORY DEVICES 
(20) 


CYCLE 1K TIMES 


TEST FOR PROGRAM/ERASE 


REPEAT TO >100K CYCLES 


EXTRAPOLATE WEAROUT CURVE TO 
DESIRED ENDURANCE LIMIT (10K) 
TO DETERMINE FAILURE RATE 


Oxide Breakdown 


LARGE SAMPLE OF MEMORY DEVICES 
(>100) 


10K PROGRAM/ERASE CYCLES 


TEST FOR PROGRAM/ERASE 
WRITE TO NONEQUILIBRIUM STATE 


PERFORM RETENTION BAKE 
(72- HOUR 150°C OR LONGER) 


VERIFY CORRECT DATA 


0024-6 
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These flows will work for either FLOTOX or Tex- 
tured Poly. Intermediate readouts may be performed 
in the oxide breakdown flow, but the test/bake/veri- 
fy sequence should be repeated at each readout. 


ALTERNATIVE EVALUATION 
METHODOLOGIES 


Single-cell endurance data are sometimes pre- 
sented by manufacturers. This approach will overes- 
timate endurance by orders of magnitude because 
of the importance of oxide defects and even cell-to- 
cell variations in trap-up. It might be possible to con- 
clude from single-cell data that a certain FLOTOX 
cell is “‘superior’ to a certain Textured Poly cell— 
but a 256K E2PROM constructed with the Textured 
Poly cell might be several times more reliable. 

Worse yet, test pattern data from oxide capacitors 
are sometimes presented, without backup product 
data, to ‘‘prove’’ that a certain oxide is ‘“‘superior’’ to 
another. Only product data can reliably be used to 
compare E2PROM product endurance. Small sam- 
ples are useful in measuring wearout (median en- 
durance), but large samples are necessary for mea- 
suring defect-related tails to the distribution. 


CONCLUSION 


The non-endurance-related reliability of FLOTOX 
and Textured Poly E2PROMs are similar and com- 
parable to EPROMs and simple logic devices. Tex- 
tured Poly offers a tradeoff between oxide break- 
down and window closing which is beneficial at high 
densities. Reliability evaluations should distinguish 
between the two dominant E2PROM failure mecha- 
nisms: Namely, oxide breakdown and window 
closing. 


NOTES 
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General Information 


Ordering Information Index 


X22C10: 64 X 4 CMOS NOVRAM..............-. 115) 
X22C12: 256 X4 CMOS NOVRAM............... 11-1 
X20C04: 512 X 8 CMOS NOVRAM............... 11-2 
X20C16: 2K X 8 CMOS NOVRAM..............-. 11-2 
X24C44: 16 X 16 CMOS Serial NOVRAM.......... 11-3 
X24C45: 16 X 16 CMOS Serial NOVRAM 

With AUTOSTORE................0c0 eee eee 11-3 
X24C00: 16 X 8 CMOS Serial E2PROM ........... 11-4 
X24001: 16 X 8 CMOS Serial E7PROM ........... 11-4 
X24C01: 128 X 8 CMOS Serial E7PROM .......... 11-5 
X24C01A: 128 X 8 CMOS Serial E7PROM......... 11-5 
X24012: 128 X 8 Serial E7PROM ................ 11-6 
X24C02: 256 X 8 CMOS Serial E7PROM .......... 11-7 
X24022: 256 X 8 Serial E27PROM ................ 11-7 
X24C04: 512 X 8 CMOS Serial E7PROM .......... 11-8 
X24042: 512 X 8 Serial E27PROM ................ 11-8 
X24C08: 1024 X 8 CMOS Serial E7PROM ......... 11-9 
X24C16: 2K X 8 CMOS Serial E7PROM.......... 11-10 
X24164: 2K X 8 Serial E7PPROM ................ 11-10 
X25C02: 2K SPI CMOS Serial E7PROM.......... 11-11 
X25010: 1K SPI CMOS Serial E7PROM .......... 11-11 
X25020: 2K SPI CMOS Serial E7PROM .......... 11-12 
X25040: 4K SPI CMOS Serial E7PROM .......... 11-12 
Serial Part Mark Convention.................... 11-13 
X2816C: 2K X8E®PROM.................008- 11-14 
X28C16: 2K X8CMOS E2PROM ............... 11-15 
X28HC16: 2K X 8 High Speed CMOS E?PROM .... 11-15 
X28C64: 8K X 8 CMOS EPROM ............... 11-16 
X28HC64: 8K X 8 CMOS High Speed E27PROM .... 11-16 
X28C256: 32K X8E2PROM.................5. 11-17 
X28HC256: 32K X 8 High Speed E27PROM........ 11-17 
X28VC256: 32K X 8 Very High Speed E27PROM.... 11-18 
X28TC256: 32K X 8 Turbo E7PROM............. 11-18 
X28C512/C513: 64K X 8 CMOS E?PROM ........ 11-19 
X28C010: 128K X 8 CMOS E?PROM ............ 11-19 
X9CMME: E2POT 1K, 10K, 50K, 100K Ohms, 

Terminal Voltage +5V to-5V................. 11-20 
X9311: E?POT 1K, 10K, 50K, 100K Ohms, 

Terminal Voltage Oto+#10V.................. 11-20 
X9312: E2POT 10K, 50K, 100K Ohms, 

Terminal Voltage 0 to+15V .................. 11-21 
X9313: E?POT 1K, 10K Ohms, 31 Resistor Array... 11-21 
X9241: Quad E2POT 2K, 10K, 50K Ohms......... 11-22 
X68C64: 8K X 8 CMOS Micro-Peripheral 

E2PROM......... 00. cece eee cece ee ee eees 11-23 
X86C64: 8K X 8 CMOS Micro-Peripheral 

E2PROM..........0c cece cece eee eeeeeeeees 11224 
X88C64: 8K X 8 CMOS Micro-Peripheral 

E2PROM......... cece cece eee eee eens 11-23 
XM28C010: 128K X 8 CMOS 

E2PROM Memory Module ................... 11-24 
XM28C020: 256K X 8 CMOS 

E2PROM Memory Module ...............00-. 11-24 
XM28C040: 512K X 8 CMOS 

E2PROM Module .............e0cce eee eeeee 11-25 
XM28C4096: 256K x 16 High Density 

E2PROM Module ...............020e eee eeee 11-25 


XM28C080S: 1Meg x 8, High Density 
E2PROM Module ............... 00000 e eens 11-26 


Packaging Information Index 


8-Lead Plastic Dual In-Line 


PACKAdG (VNC Pia cers tec ance enced vusnes 11-27 
18-Lead Plastic Dual In-Line 

Packaue TYO6 P v.40 ce nescue eee we eeveswens 11-28 
20-Lead Plastic Dual In-Line 

Package TV0G.F ¢4<-< «54 suade de ends yedece baud 11-29 
24-Lead Plastic Dual In-Line 

Package IVDG Piss cvivasdew atone eb ennaeweund 11-30 
28-Lead Plastic Dual In-Line 

PaCKSGG IVNG PF sc cekecegeenesdbatecdeecens 11-31 
32-Lead Plastic Dual In-Line 

Package (V0 F s<o.0s exo seeuaeu dave tia eeaa 11-32 
8-Lead Plastic Small Outline Gull Wing 

PSCKAUS TVD S.cce sec bechsdbedicetoostawes 11-33 
14-Lead Plastic Small Outline Gull Wing 

Package TypeS............. cece eee ee eee 11-34 
16-Lead Plastic Small Outline Gull Wing 

Pacnads 1906 Siwccnnc.deasaeine cneaewe wane 11-35 
20-Lead Plastic Small Outline Gull Wing 

Packade 1V06 3 s¢ieae re4 ran oeudane cha vena 11-36 
24-Lead Plastic Small Outline Gull Wing 

PaCKade TVPG S.idsetes kei ee Sets eeeeen ened 11-37 
28-Lead Plastic Small Outline Gull Wing 

Package [V0@ Sc <sos.6s0 0 vas dceneveenee cus 11-38 
32-Lead Plastic Leaded Chip Carrier 

Pakage TVPG sl onc + os 4 dd deem ene ES o eS 11-39 
8-Lead Hermetic Dual In-Line 

PaCKage. (VP6 Oy. cune ae cenar ey aes Gates 11-40 
18-Lead Hermetic Dual In-Line 

Package TY06 De 6... bss wd dee ce wewn do wawen 11-41 
24-Lead Hermetic Dual In-Line 

Package 1Yp6 Deecsr pe dhe sd braeteneeenwe nas 11-42 
28-Lead Hermetic Dual In-Line 

Package Type Ds ccied en aened unde oases ess 11-43 
32-Lead Hermetic Dual In-Line 

PACKAS 106 Divan dk ode tae enehoGrs oe aks 11-44 
32-Pad Ceramic Leadless Chip Carrier 

(Glass Frit Seal) Package TypeG............. 11-45 
32-Pad Ceramic Leadless Chip Carrier 

Foackade 1Vpe be icceecnud pS ee een Hebe eed 11-46 
28-Lead Ceramic Pin Grid Array 

PaCKads 1V06 Rs os ascnateaseeroesas feared 11-47 
36-Lead Ceramic Pin Grid Array 

Packads 1VO@ Ks ns ince c cw eses awh ieee eee = es 11-48 
28-Lead Ceramic Flat Pack 

Package 1Y06 Ps sise eck occu eeunnaed vases oe 11-49 
32-Lead Ceramic Flat Pack 

Package TypeF...................000000 08 11-50 
32-Pin Dual In-Line Package Ceramic Leadless Chip 

Carriers On Side Brazed Ceramic Substrate ..... 114431 
32-Lead Ceramic Small Outline Gull Wing 

Package TYD6 Ae siv0 ete awacdeiess dan bednwe 11-52 


Ordering Information 


X22C10: 64 X 4 CMOS NOVRAM 


X22C10 XK xX 


Device to LL Store Cycles 


Blank = 1,000,000 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 18-Lead Plastic DIP 

D = 18-Lead Cerdip 

S = 16-Lead SOIC (150 mil) 


X22C12: 256 X 4 CMOS NOVRAM 


X22C12 XK xX 


LL Store Cycles 


Blank = 1,000,000 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 18-Lead Plastic DIP 

D = 18-Lead Cerdip 

S = 20-Lead SOIC (300 mil) 
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Ordering Information 


X20C04: 512 X 8 CMOS NOVRAM 
X20C04 


Device 


X20C16: 2K X 8 CMOS NOVRAM 


X20C16 


X X 


X 


X 


11-2 


-X 


LL Access Time 


-X 


L 


-15 = 150ns 
-20 = 200ns 
-25 = 250ns 
Blank = 300ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 
D = 28-Lead Cerdip 

E = 32-Lead LCC 

S = 28-Lead SOIC 

J = 32-Lead PLCC 


Access Time 
-35 = 35 ns 
-45 = 45 ns 
-55 = 55 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 
D = 28-Lead Cerdip 

E = 32-Pad LCC 

J = 32-Lead PLCC 

S = 28-Lead SOIC 


Ordering Information 


X24C44: 16 X 16 CMOS Serial NOVRAM 
X24C44. X X 


Device Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
D = 8-Lead Cerdip 

S = 8-Lead SOIC 


X24C45: 16 X 16 CMOS Serial NOVRAM With AUTOSTORE 


X24C45 XK xX 


Device Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = —55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
D = 8-Lead Cerdip 

S = 8-Lead SOIC 
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Ordering Information 


X24C00: 16 X 8 CMOS Serial E2PROM 


X24COO X% X _ -X 


L Vcc Range 


Blank = 4.5V to 5.5V 
3 =3V to 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


X24001: 16 X 8 CMOS Serial E7PROM 


X24001 X XK -=-K 


L Vcc Range 


Blank = 4.5V to 5.5V 
3 = 3V to 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 
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Ordering Information 


X24C01: 128 X 8 CMOS Serial E27PROM 


X24C01 X X -X 


LL Vcc Range 


Blank = 4.5V to 5.5V 
3.5 = 3.5V to 5.5V 
3=3V 10 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


X24C01A: 128 X 8 CMOS Serial E2PROM 


X24CO1A XK XX -X 


| Vcc Range 


Blank = 4.5V to 5.5V 
3.5 = 3.5V to 5.5V 

3 = 3V to 5.5V 

2.7 =2.7V to 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


Ordering Information 


X24012: 128 X 8 Serial E2PROM 


X24012 X -W% -X 


Device tf L Vcc Range 


Blank = 4.5V to 5.5V 
3 = 3V to 5.5V 
2.7 =2.7V to 5.5V 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 
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Ordering Information 


X24C02: 256 X 8 CMOS Serial E2PROM 


X24C02 


X 


X 


-X 


Device 


X24022: 256 X 8 Serial E7PROM 
X24022 


Device 


—— Voc Range 
Blank = 4.5V to 5.5V 
35=3,5V 10 5.5V 
B=SV1I0ODSDV 
24227 O55 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


X 


X 


Package 

P = 8-Lead Plastic DIP 
S8 = 8-Lead SOIC 

D = 8-Lead Cerdip 


- 


Vcc Range 

Blank = 4.5V to 5.5V 
3=3V 10 5.5V 

2.4 =Z2.4V¥ tO 5S5V 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 
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Package 

P = 8-Lead Plastic DIP 
S8 = 8-Lead SOIC 

D = 8-Lead Cerdip 


Ordering Information 


X24C04: 512 X 8 CMOS Serial E7-PROM 


X24C04 X X -X 


LL Vcc Range 


Blank = 4.5V to 5.5V 
3.5=3.5V to 5.5V 
3=3V 10 5.5V 

2.7 = 2.7V to 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
S8 = 8-Lead SOIC 
S14 = 14-Lead SOIC . 
D = 8-Lead Cerdip 


X24042: 512 X 8 Serial E7PROM 


X24042 % X -=-X 
“Ty 


LL Vcc Range 


Blank = 4.5V to 5.5V 
3 = 3V to 5.5V 
2.7=2.7V to 5.5V 


Device 


'__— Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = —55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
S8 = 8-Lead SOIC 

D = 8-Lead Cerdip 


Ordering Information 


X24C08: 1024 X 8 CMOS Serial E2PROM 
X24C08 XK X -X 


L Vcc Range 
Blank = 4.5V to 5.5V 
3.0=35V to S5V 
3 = 3V to 5.5V 
2./=2.7V to 5.5V 
Temperature Range 
Blank = Commercial = 0°C to +70°C 


| = Industrial = —40°C to +85°C 
M = Military = —-55°C to +125°C 


Device 


Package 

P = 8-Lead Plastic DIP 
S8 = 8-Lead SOIC 
$14 = 14-Lead SOIC 
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Ordering Information 


X24C16: 2K X 8 CMOS Serial E2PROM 


X24C16 X X -X 


L Vcc Range 


Blank = 4.5V to 5.5V 
3.5 = 3.5V to 5.5V 

3 = 3V to 5.5V 

2.7 =2.7V to 5.5V 


Device 


—_—_——— Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = —-55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
D = 8-Lead Cerdip 

S8 = 8-Lead SOIC 
S14 = 14-Lead SOIC 


X24164: 2K X 8 Serial E2PROM 


X24164 X XK -X 
7 


L Vcc Range 


Blank = 4.5V to 5.5V 
3 = 3V to 5.5V 
2.7=2.7V to 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


_—___— Package 


P = 8-Lead Plastic DIP 
D = 8-Lead Cerdip 
S8 = 8-Lead SOIC 


11-10 


Ordering Information 


X25C02: 2K SPI CMOS Serial E7PROM 


X25CO2 Wh X -X 


JP 
Device Vcc Range 


Blank = 4.5V to 5.5V 
3=3V to 5.5V 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


X25010: 1K SPI CMOS Serial E7PROM 


X25010 % MX _ -X 
LL Vcc Limits 
Blank = 5V +10% 
Se OV 106 5.5V 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 
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Ordering Information 


X25020: 2K SPI CMOS Serial E2PROM 


X25020 X X -X 


Device - Vec Range 
Blank = 4.5V to 5.5V 
3=3V to 5.5V 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

; M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


X25040: 4K SPI CMOS Serial E27PROM 


X25040 X% X -X 


Device ne LL Vcc Limits 


Blank = 5V +10% 
3 = 3V to 5.5V 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 
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Ordering Information 


Serial Part Mark Convention 
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Blank = 8-Lead SOIC 
P = 8-Lead Plastic Dip 
S = 14 Lead-SOIC 


Blank = 4.5 to 5.5V, 0°C to 70°C 
| = 4.5V to 5.5V, -40°C to +85°C 
M = 4.5V to 5.5V, -55°C to +125°C 
B = 3.5V to 5.5V, 0°C to +70°C 

C = 3.5V to 5.5V, -40°C to +85°C 
D = 3.0V to 5.5V, 0°C to 70°C 

E = 3.0V to 5.5V, -40°C to +85°C 
F = 2.7V to 5.5V, 0°C to +70°C 

G = 2.7V to 5.5V, -40°C to +85°C 
J = 2.5V to 5.5V, 0°C to +70°C 

K = 2.5V to 5.5V, -40°C to +85°C 


Ordering Information 


X2816C: 2K X 8 E2PROM 


X2816C Nh X -X 


Device | L Access Time 


-90 = 90 ns 

-12=120 ns 
-15 = 150 ns 
-20 = 200 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 24-Lead Plastic DIP 
J = 32-Lead PLCC 

D = 24-Lead Cerdip 

E = 32-Pad LCC 

S = 24-Lead Plastic SOIC 
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Ordering Information 


X28C16: 2K X 8 CMOS E2PROM 


X28C16 KX X -X 


Device sf LL Access Time 


-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 


Package 

P = 24-Lead Plastic DIP 
J = 32-Lead PLCC 

D = 24-Lead Cerdip 

E = 32-Lead LCC 

S = 24-Lead Plastic SOIC 


X28HC16: 2K X 8 High Speed CMOS E2PROM 


X28HC16 X KX _ -X 


Device | L Access Time 


-55 = 55 ns 
-/0 =70ns 
-90 = 90 ns 
-12 = 120 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 

P = 24-Lead Plastic DIP 
J = 32-Lead PLCC 

D = 24-Lead Cerdip 

E = 32-Lead LCC 

S = 24-Lead Plastic SOIC 
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Ordering Information 


X28C64: 8K X 8 CMOS E2PROM 


X28C64 XK X -X 


LL Access Time 


-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 

D = 28-Lead Cerdip 

J = 32-Lead PLCC 

E = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 28-Lead Pin Grid Array 
S = 28-Lead SOIC 


* X28HC64: 8K X 8 CMOS High Speed E2PROM 


X28HC64 XK X= -X 


LL Access Time 


-55 = 55 ns 
-70=70ns 
-90 = 90 ns 
-12=120 ns 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 

D = 28-Lead Cerdip 

J = 32-Lead PLCC 

E = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 28-Lead Pin Grid Array 
S = 28-Lead Plastic SOIC 
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Ordering Information 


X28C256: 32K X 8 E2PROM 


X28C256 Wh kX -X 


LL Access Time 


-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 
-35 = 350 ns 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 

D = 28-Lead Cerdip 

J = 32-Lead PLCC 

E = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 28-Lead Pin Grid Array 
S = 28-Lead Plastic SOIC 


X28HC256: 32K X 8 High Speed E2PROM 


X28HC256 X X -X 


LL Access Time 


70 = 70 ns 
90 = 90 ns 
12=120ns 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 
D = 28-Lead Cerdip 

J = 32-Lead PLCC 

S = 28-Lead Plastic SOIC 
E = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 28-Pin Pin Grid Array 
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Ordering Information 


X28VC256: 32K X 8 Very High Speed E2PROM 
X28VC256 X X -X 


Device 


a 


X28TC256: 32K X 8 Turbo E7PROM 
X28TC256 X X_ -X 


Device 
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Access Time 
-45 = 45 ns 
-55 = 55 ns 
-70 =70ns 
-90 = 90 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 28-Lead Plastic DIP 

D = 28-Lead Cerdip 

J = 32-Lead PLCC 

S = 28-Lead Plastic SOIC 
E = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 28-Lead Pin Grid Array 


Access Time 
-35 = 35 ns 
-45 = 45 ns 
-55 = 55 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 


Package 

P = 32-Lead Plastic DIP 
D = 32-Lead Cerdip 

J = 32-Lead PLCC 

E = 32-Pad LCC 


Ordering Information 


X28C512 and X28C513* : 64K X 8 CMOS E2PROM 


X28C512 Mh xX -X 


LL Access Time 


-12 = 120 ns 
-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 


Device 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —-55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 32-Lead Plastic DIP 

D = 32-Lead Cerdip 

J* = 32-Lead PLCC 

E* = 32-Pad LCC 

F = 28-Lead Flat Pack 

K = 36-Lead Pin Grid Array 


* The ordering information for the 'C513 is the same as the 'C512, except for the 
package availability. The 'C513 is only available in the J and E packages. 


X28C010: 128K X 8 CMOS E2PROM 


X28C010 xX X 


7 -X 
Device df i Access Time 


-12 = 120 ns 
-15 = 150 ns 
-20 = 200 ns 
“25 = 250 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 


MB = MIL-STD-883 
Package 


P = 32-Lead Plastic DIP 


D = 32-Lead Cerdip 
J = 32-Lead PLCC 
E = 32-Pad LCC 


F = 32-Lead Flat Pack 
K = 36-Lead Pin Grid Array 
R = 32-Lead Ceramic SOIC 
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Ordering Information 


X9CMME: E2POT 1K, 10K, 50K, 100K Ohms, Terminal Voltage +5V to -5V 


Device X9CMME X X 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 

MB = MIL-STD-883 


Package 

P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 

D = 8-Lead Cerdip 


End to End Resistance 
X9C102 = 1KQ 

X9C103 = 10KQ 
X9C503 = 50KQ 
X9C104 = 100KQ 


X9311: E2POT 1K, 10K, 50K, 100K Ohms, Terminal Voltage OV to +10V 


Device X9311 X X 


Temperature Range 
Blank = 0°C to +70°C 
| = —40°C to +85°C 

M =-55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


[Fr 


End to End Resistance 
Z=1KQ 

W = 10KQ 

U = 50KQ 

T = 100KQ 
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Ordering Information 


X9312: E2POT 10K, 50K, 100K Ohms, Terminal Voltage OV to +15V 


X9312 -%h X 


Temperature Range 
Blank = 0°C to +70°C 
| = —40°C to +85°C 

M = —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


End to End Resistance 
W = 10KQ 

U = 50KQ 

T = 100KQ 


X9313: E2POT 1K, 10K Ohms, 31 Resistor Array 


X9313 MW X 


Temperature Range 
Blank = 0°C to +70°C 
| = —40°C to +85°C 

= —55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


End to End Resistance 


Z=1KQ 
W = 10KQ 
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Ordering Information 


X9241: Quad E2POT 2K, 10K, 50K Ohms 


X9241 Y P T 


V 
Device to Lo Vcc Limits 


Blank = 5V +/-10% 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 


Package 
P = 20-Lead Plastic DIP 
S = 20-Lead SOIC 


Potentiometer Organization 

PotO Poti Pot2 Pot3 
2K 2K 2K 2K 
10K 10K 10K 10K 
50K 50K 50K 50K 
2K 10K 10K 50K 


2ce< 
iow uot 
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Ordering Information 


X68C64: 8K X 8 CMOS Micro-Peripheral E2PROM 
X68C64 xX X 


Device LL Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = —55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 24-Lead Plastic DIP 
D = 24-Lead Cerdip 

S = 24-Lead SOIC 

E = 32-Pad LCC 


X86C64: 8K X 8 CMOS Micro-Peripheral E2PROM 
X86C64 X X 


Device LL Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = —55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 24-Lead Plastic DIP 
D = 24-Lead Cerdip 

S = 24-Lead SOIC 

E = 32-Pad LCC 


X88C64: 8K X 8 CMOS Micro-Peripheral E2PROM 
X88C64 X X 


Device LL Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-883 


Package 

P = 24-Lead Plastic DIP 
D = 24-Lead Cerdip 

S = 24-Lead SOIC 

E = 32-Pad LCC 
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Ordering Information 


XM28C010: 128K X 8 CMOS E2PROM Memory Module 


XM28C010 X _ -X 


Device 


Access Time 
-90 = 90 ns 
-12 = 120 ns 
-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 
MHR = Military High Rel 


XM28C020: 256K X 8 CMOS E2PROM Memory Module 


XM28C020 X -X 


Device 


11-24 


Access Time 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = -55°C to +125°C 
MHR = Military High Rel 


Ordering Information 


XM28C040: 512K X 8 CMOS E2PROM Module 


XM28C040 X 


Device 


-X 


Access Time 
-20 = 200 ns 
-25 = 250 ns 
Blank = 300 ns 


Temperature Range 

Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 

M = Military = —55°C to +125°C 
MHR = Military High Rel 


XM28C4096: 256K x 16 High Density E2PROM Module 


XM28C4096 X 


Device 


-X 


11-25 


Access Time 
-15 = 150 ns 
-20 = 200 ns 
-25 = 250 ns 


Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 


Ordering Information 


XM28C080S: 1Meg x 8, High Density E2PROM Module 
XM28C080S X_ -X 


Device Access Time 
-18 = 180 ns 
-25 = 250 ns 


Temperature Range 
Blank = Commercial = 0°C to +70°C 
| = Industrial = —40°C to +85°C 
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Packaging Information 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


° 


0.430 (10.92) 
0.360 (9.14) : | 


4 


0.260 (6.60) 
0.240 (6.10) 


| 


PIN 1 
0.300 0.060 (1.52) 
(7.62) REF. 0.020 (0.51) 


PIN 1 INDEX 


HALF SHOULDER WIDTH ON 
ALL END PINS OPTIONAL 0.145 (3.68) 


Me 
SEATING é i a | a 0.128 (3.25) 
PLANE 
| 0.025 (0.64) 


0.150 (3.81) 
0.125 (3.18) ee ae ; (0.38) 
0.045 (1.14) 
0.110 (2.79) a LL , 2.020 (0.51) 
0.090 (2.29) 0.016 (0.41) 
0.015 (0.38) 0.325 (8.25) 
max. | __-0-300(762) 
a, 


0° 


TYP. 0.010 (0.25) 45° 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


3926 FHD F01 


3926-1 11-27 


Packaging Information 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


0.915 (23.24) 
| 0.894 (22.71) ° | 
coe Oe cas OO ee (ee ees 7 


_ 


0.270 (6.86) 
0.250 (6.35) 
PIN 1 INDEX 
PIN 1 a Low Lu’ Lt Lt tk) 
0.800 (20.32) 0.060 (1.52) 
REF. 0.050 (1.27) 


0.165 (4.19) 
0.130 (3.30) 


re eke) EE LE LE TL ee 
PLANE 
0.140 (3.56) i 0.025 (0.51) 
0.120 (3.05) 0.005 (0.13) 
| | 
0.110 (2.79) 4 L 0.070 (1.78) n 0.020 05) 020 (0.51) 
0.090 (2.29) 0.050 (1.27) 0.016 (0.41) 
0.325 (8.26) 
; 0.300 (7.62) 
TYP. 0.010 (0.25 - 
- Vv. ( : ) 15° 
NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 
3926 FHD FO02 
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Packaging Information 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


0.977 (24.82) 
0.950 (24.13) oO 
; 


0.295 (7.48) 
0.275 (6.98) 
PIN 1 INDEX 
PIN 
0.900 (23.66) . 0.060 (1.52) 
REF. 0.050 (1.27) 
__ 0.149 (3.78) 
SEATING 0.135 (3.43) 
PLANE __ 
0.140 (3.56) = 
0.116 (2.95) 0.015 (0.38) 
J [9.001 (0.53) 
0.015 (0.38) 
0.065 (1.65) 
0.050 (1.27) 


0.330 (8.38) 
0.300 (7.62) 


O° 


TYP. 0.010 (0.25) 15° 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH £4 
3926 FHD F18 
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Packaging Information 


24-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


1.265 (32.13) 

OT 1.230 (31.24) 
0.557 (14.15) 
0.530 (13.46) 


PIN 1 INDEX 
PIN 1 


1.100 (27.94) . 0.080 (2.03) 
REF. 0.065 (1.65) 


0.162 (4.11) 
0.140 (3.56) 
| 0.030 (0.76) 
0.015 (0.38) 


0.110 (2.79) , a 0.065 (1.65) n 0.020056 0.022 (0.56) 


0.090 (2.29) 0.040 (1.02) 0.014 (0.36) 


0.625 (15.87) 
0.600 (15.24) 


SEATING 
PLANE 


0.150 (3.81) 
0.125 (3.18) 


Oh 
15° 


TYP. 0.010 (0.25) 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


3926 FHD F03 


11-30 


Packaging Information 


28-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


1.470 (37.34) 
rc 1.400 (35.56) ne 


0.557 (14.15) 
0.510 (12.95) 
PIN 1 INDEX | 
PIN 1 
1.309 (33.02) . 0.085 (2.16) 
REF. 0.040 (1.02) 


_ 0.160 (4.06) 
0.125 (3.17) 


| 0.030 (0.76) 


SEATING a - gz Z 
PLANE 


0.160 (4.06) 
0.120 (3.05) 0.015 (0.38) 
| 
0.110 (2.79) n fas 0.065 (1.65) n 0.028056 022 (0.56) 
0.090 (2.29) 0.040 (1.02) 0.014 (0.36) 


0.625 (15.88) 
. 0.590 (14.99) | 


0° 


TYP. 0.010 (0.25) 75° 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH We 


3926 FHD FO4 
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Packaging Information 


32-LEAD PLASTIC DUAL IN-LINE PACKAGE TYPE P 


1.665 (42.29) 
| 1.644 (41.76) 


0.557 (14.15) 


0.510 (12.95) 
PIN 1 INDEX 
PIN 4 
1.500 (38.10) 0.085 (2.16) 
REF. 0.040 (1.02) 
0.160 (4.06) 
SEATING 0.140 (3.56) 
PLANE 
0.160 (4.06) an 030 (0.76) 
0.125 (3.17) 0.015 (0.38) 
0.110 (2.79) n a 0.070 (17.78) 0.022 (0.56) 
0.090 (2.29) 0.030 (7.62) 0.014 (0.36) 


0.625 (15.88) 
0.590 (14.99) 


0° 
13° 


TYP. 0.010 (0.25) 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


3926 FHD F25 
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Packaging Information 


8-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.150(3.80) 0.228 (5.80) 
0.158 (4.00) 0.244 (6.20) 


PIN 1 INDEX 


J a 0.014 (0.35) 
0.019 (0.49) 


0.188 (4.78) 
0.197 (5.00) 


0.004 (0.19) 


0.050 (1.27) 0.010 (0.25) 


0.010 (0.25) 0.050" TYPICAL 
0.020 (0.50) * 45° hin, Be 


= _ 
¥ 0.0075 0.0075 (0.19) 


ILt 0.010 (0.25) 


0.016 (0. i 
0.037 (0.937) 


TYPICAL 
FOOTPRINT 8 PLACES 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESIS IN MILLIMETERS) 


3926 FHD F22 
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Packaging Information 


14-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.150 (3.80) 0.228 (5.80) 
0.158 (4.00) 0.244 (6.20) 


PIN 1 INDEX 


J _ 0.014 (0.35) 
0.020 (0.51) 


0.336 (8.55) 


0.345 (8.75) 


(4X) 7° 


ee: | 


0.053 (1.35) 


_4 0.069 (1 75) 


0.004 (0.10) 


0.050 (1.27) 0.010 (0.25) 


0.050” Typical 


hs 
af Tit 


0.050" ha 


0.010 (0.25) 
0.020 (0.50) 


X 45° 


Ju? 0.010 ea 


0.250" 


mTiTiiT 


— k— 0.030" Typical 
14 Places 


0.016 (0.41) 
0.037 (0. «| 


FOOTPRINT 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F10 
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Packaging Information 


16-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.150 (3.80) 0.228 (5.80) 
0.158 (4.00) 0.244 (6.20) 


PIN 1 INDEX 


J _ 0.014 (0.35) 
0.020 (0.51) 


0.386 (9.80) 
0.394 (10.01) 


(4X) 7° 
0.053 (1.35) 
{ 0.069 (1.75) 
0.004 (0.19) 
0.050 (1.27) 0.010 (0.25) 
- 0.050” Typical 
0.010 (0.25) 


0.020 (0.50) * 45° 


me 


- i 0.050" 
iC 0.0075 (0.19) 0.250" Typical 
Jf 0.012 (0.30) 


0.016 (0.410) 
0.037 (0.937) 


me 


0.030" Typical 
16 Places 


FOOTPRINT 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F26 


a 
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Packaging Information 


20-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.290 (7.37) 0.393 (10.00) 
0.299 (7.60) 0.420 (10.65) 


PIN 1 INDEX O 


PIN 1 


J Z 0.014 (0.35) 
0.020 (0.50) 


0.496 (12.60) 
0.508 (12.90) 


(4X) 7° 


eer, | 


0.092 (2.35) 


+ 0.105 (2.65) 


0.003 (0.10) 
0.012 (0.30) 


=a }+— 0.050" Typical | 
0.010 0.28) 68 Tt EEEREEE 


rs 0.020 (0.50) * 45° } 
0.050" 


Typical 


‘0.050 (1.27) 


0° — 8° 0.420" 


} 0.007 (0.18) 
— F 0.011 (0.28) 
aaeae. a 

0.050 (1.27) 


e— 0. 030" Typical 
20 Places 


FOOTPRINT 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F23 
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Packaging Information 


24-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.290 (7.37) 0.393 (10.00) 
0.299 (7.60) 0.420 (10.65) 


PIN 1 INDEX O 


PIN 1 


J _ 0.014 (0.35) 
0.020 (0.50) 


0.598 (15.20) 
0.610 (15.49) 


(4X) 7° 


0.092 (2.35) 


_y¥ 0.105 (2.65) 


0.050 (1.27) 


0.050" TYPICAL 
0.010 (0.25) 


0.020 (0.50) * 45° TUTTLE ELL 


0.050" 
TYPICAL 
fa — 8° 
0.013 " 0.013 (0.33) 


0.015 (0. .. 
0.050 (1.27) 


0.030" TY PICAL 
FOOTPRINT 24 PLACES 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F24 
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Packaging Information 


28-LEAD PLASTIC SMALL OUTLINE GULL WING PACKAGE TYPE S 


0.299 (7.59) 0.419 (10.64) 
0.290 (7.37) 0.394 (10.01) 


J _ 0.020 (0.508) 
0.014 (0.356) 


0.713 (18.11) 


| 0.697 (17.70) ' | 
a 


0.105 (2.67) 


Paes 
0.092 (2.34) SB} a}ajajajajajajajajajajajale | , BASE PLANE 


SEATING PLANE 
0.012 (0.30) 


0.050 (1.270) 0.003 (0.08) 


BSC 


— le 0.050" TYPICAL x‘. 
4p REE LLL LLLLL ELL i 


0.050° 
0.013 (0.32) TYPICAL 
0° - 8° 0.008 (0.20) 


0.0350 (0.8890) 5 _ | 
0.0160 (0.4064) 


0.030" TYPICAL 
28 PLACES 


slatahateted 9 prota 


FOOTPRINT 


NOTES: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. FORMED LEAD SHALL BE PLANAR WITH RESPECT TO ONE ANOTHER WITHIN 0.004 INCHES 


3926 FHD F17 
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Packaging Information 


32-LEAD PLASTIC LEADED CHIP CARRIER PACKAGE TYPE J 


0.050 (1.27) TYP. 


| # 0.021 (0.53) 
0.013 (0.33) 
TYP. 0.017 (0.43) 


{ 
le—0.045 (1.14) x 45° 


0.495 (12.57) 
0.485 (12.32) 
TYP. 0.490 (12.45) 
0.453 (11.51) 


0.447 (11.35) 
TYP. 0.450 (11.43) 


0.553 (14.05) 
0.547 (13.89) 


NOTES: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. DIMENSIONS WITH NO TOLERANCE FOR REFERENCE ONLY 
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0.595 (15.11) 


0.585 (14.86) 
TYP. 0.590 (14.99) 


0.030" TY PICAL 
32 PLACES 


0.050" Is 
TYPICAL 


0.510" 
TYPICAL 


FOOTPRINT 


SEATING PLANE 
+0.004 LEAD 
CO — PLANARITY 


0.015 (0.38) 
0.095 (2.41) 
0.060 (1.52) 
0.140 (3.56) 
0.100 (2.45) 
TYP. 0.136 (3.45) 
0.048 (1.22) 
0.042 (1.07) 


a 


3° TYP. 


3926 FHD F13 


Packaging Information 


8-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 


0.405 (10.29) 


0.310 (7.87) 
0.220 (5.59) 


| 


PIN 1 0.005 (0.13) MIN. 
0.300 (7.62) 0.055 (1.40) MAX. 


REF. 


PLANE 0.140 (3.56) 
Tit Li Lt Ut 
0.060 (1.52 
0.150 (3.81) MIN. 9-200 (5.08) rien 
0.125 (3.18) 0.015 (0.38) 
0.065 (1.65) 
P| 0.038 (0.97) 
0.110 (2.79) _ a TYP. 0.060 (1.52) 
0.090 (2.29) 0.023 (0.58) 
TYP. 0.100 (2.54) 0.014 (0.36) 


TYP. 0.017 (0.43) 


0.320 (8.13) 
0.290 (7.37) 
TYP. 0.311 (7.90) 


0° 
1S” 


0.015 (0.38) 
0.008 (0.20) 


i 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD FO5 
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Packaging Information 


18-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 


| 0.960 (24.38) 


0.310 (7.87) 
0.220 (5.59) 


an 0.005 (0.13) MIN. 
0.800 (20.32) P 
BEE 0.098 (2.49) 


0.200 Xe 0.200 (5.08) 
AAAARARAR 0.070 (1.78) 
0.110 (2.79) | L. 0.065 (1.65) a Loe 023 (0.58) 


0.015 (0.38) 38) 
0.090 (2.29) 29) 0.038 (0.97) 0.014 (0.36) 
TYP. 0.100 (2.54) TYP. 0.060 (1.52) TYP. 0.018 (0.46) 


0.320 (8.13) 
0.290 (7. aa 
TYP. 0.311 (7.90 


SEATING 
PLANE 


0.150 (3.81) MIN, 9-200 (5.08) 
0.125 (3.18) 


0.015 (0.38) 
0.008 (0.20) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F06 
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Packaging Information 


24-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 


1.290 (32.77) 


0.610 (15.49) 
“| 70) 


PIN 1 0.005 (0.13) MIN. 
1.10 (27.94) 0.098 (2.49) 
REF. 
0.150 (3.81) MIN, 9.200 (5.08) 


=< 0.225 (5.72) 
0.075 (1.91) 
0.120 (3.05) 


0.015 (0.38) 
0.110 (2.79) _ x 0.065 (1.65) a L ie (0.53) 
) 
( 


SEATING 
PLANE 


0.090 (2.29) 0.038 (0.97) 0.014 (0.36 
TYP. 0.100 (2.54) TYP. 0.060 (1.52) TYP. 0.018 (0.46) 


0.620 (15.75) 
0.590 (14.99) 
TYP. 0.614 (15.60) 


a 


0.015 (0.38) = 


0.008 (0.20) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD FO7 
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Packaging Information 


28-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 


1.490 (37.85) MAX. — 


0.610 (15.49) 
0.500 (12.70' al 70) 


my 0.005 (0.127) MIN. 


0.100 (2.54) MAX. 


SEATING 


PLANE 0.232 (5.90) MAX. 


0.060 (1.52) 
0.150 (3.81) MIN. 9.200 (5.08) OIE seed 38) 
0.125 (3.18) ( 
0.110 (2.79) n a 0.065 (1.65) a Las (0.58) 
0.090 (2.29) 0.038 (0.97) 0.014 (0.36) 
TYP. 0.100 (2.54) TYP. 0.055 (1.40) TYP. 0.018 (0.46) 


0.620 (15.75) 
0.590 (14.99) 
TYP. 0.614 (15.60) 


Q° 
15° 


0.015 (0.38) 
0.008 (0.20) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F08 
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Packaging Information 


32-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 


1.690 (42.95) 
MAX. 


0.610 (15.49) 
0.500 (12.70) 


: | 


0.005 (0.13) MIN. 


PIN 1 


0.100 (2.54) MAX. 


SEATING 
PLANE 


| 0.232 (5.90) MAX. 


0.060 (1.52 
0.150 (3.81) MIN. Sona 
0.200 (5.08) | 
0.125 (3.18) | a 0.065 (1.65) 0.023 (0.58) 
0.033 (0.84) 0.014 (0.36) 
0.110 (2.79) TYP. 0.055 (1.40) TYP. 0.018 (0.46) 
0.090 (2.29) 
TYP. 0.100 (2.54) 
0.620 (15.75) 
0.590 (14.99) 
TYP. 0.614 (15.60) 
0° 
0.015 (0.38) 15° 
0.008 (0.20) 
NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
3926 FHD FO9 


Packaging Information 


32-PAD CERAMIC LEADLESS CHIP CARRIER (GLASS FRIT SEAL) PACKAGE TYPE G 


0.300 (7.62) 


0.150 (3.81) BSC 
0.020 (0.51) x 45° REF. 


0.055 (1.39) 
0.045 (1.14) 
TYP. (4) PLCS. 


0.200 (5.08) 
BSC 


ed ar le = 0.040 (1.02) x 45° REF. 
0.022 (0.56) 0.050 (1.27) BSC TYP. (3) PLCS. 
(32) PLCS. 
0.458 (11.63) 0.088 (2.24) 
0.442 (11.22) 0.050 (1.27) 
0.120 (3.05) 
0.458 (11.63) 0.060 (1.52) am 
0.560 (14.22) 0.558 (14.17) 0.400 (10.16) 
0.540 (13.71) 
32 1 *\____ PIN 1 INDEX CORDER —___”” 
NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. TOLERANCE: +1% NLT +0.005 (0.127) 
3. FOR EXTENDED STORAGE TEMPERATURE ENVIRONMENTS 
3926 FHD F19 
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Packaging Information 


32-PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE TYPE E 


0.300 (7.62) 
BSC 


0.150 (3.81) BSC 
0.020 (0.51) x 45° REF. 
rT 0.095 (2.41) 
0.075 (1.91) 


7 Ff °. a) 


0.200 (5.08) 0.055 (1.39) 
BSC 0.045 (1.14) 
{ 0.015 (0.38) TYP. (4) PLCS. 
S55 DES) Ph 0.040 (1.02) x 45° REF. 
: 0.050 (1.27) BSC TYP. (3) PLCS. 
(32) PLCS. cher) (3) 


0.458 (11.63) 
0.442 (11.22) 


0.458 (11.63) 


0.560 (14.22) 
0.540 (13.71) 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. TOLERANCE: +1% NLT +0.005 (0.127) 


0.088 (2.24) 


0.050 (1.27) 
0.120 (3.05) 
0.060 (1.52) 4 - 


+ 


0.558 (14.17) 0.400 a 
—_ BSC 


3926 FHD F14 
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Packaging Information 


28-LEAD CERAMIC PIN GRID ARRAY PACKAGE TYPE K 


OPOTCTORO 
DIOLO SOLO 


7 _ 
0.008 (0.20) 
I 
7). oe 
I 
es: | 
0.050 (1.27) 
—-— PA 


NOTE: LEADS 4,12,18 & 26 


TYP. 0.100 (2.54) peal 0.080 (2.03) 
ALL LEADS 0.070 (1.78) 


0.080 (2.03) 4 CORNERS 
0.070 (1.78) 


0.110 (2.79) 
0.090 (2.29) 


PIN 1 INDEX 0.072 (1.83) 
0.062 (1.57) 


a 


0.020 (0.51) 
= 0.016 (0.41) 


0.660 (16.76) 


0.640 (16.26) 


<a 
| 0.561 (14.25) ee aa 


0.541 (13.75) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F15 
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Packaging Information 


36-LEAD CERAMIC PIN GRID ARRAY PACKAGE TYPE K 


© © © © ‘art 0.008 (0.20) 
ORCTOROROIO c= 
i 
| ——F 
, : 0.050 (1.27) 
NOTE: LEADS 5, 14, 23, & 32 


@) 
@) @) @) 
Co) 


TYP. 0.100 eo 
ALL LEADS 


©) 


TYP. 0.180 (.010) 
(4.57 + .25) 
4 CORNERS 


@) 
@) 
©) @ 
SG 
©) 


TYP. 0.180 (.010) 


0.120 (3.05) 


(4.57 + .25) 
4 CORNERS 0.100 (2.54) 
0.072 (1.83) 
PIN 1 INDEX 0062 (1.57) 


0.770 (19.56) 
0.750 (19.05) 
sQ 


7 


~ £0,020 (0.51) 


>A 0.016 (0.41) 
PA 
_—— 
| 0.185 (4.70) 
0.175 (4.45) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F21 
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Packaging Information 


28-LEAD CERAMIC FLAT PACK TYPE F 


PIN 1 INDEX 0.019 (0.48) 
0.015 (0.38) 


JE 7 


0.045 (1.14) MAX. 


0. a iM 18) 0.130 (3.30) 
0.006 (0.15) 0.090 (2.29) 
0.003 (0.08) 
f a _0.370 (9.40) ) | 
0.250 (6.35) 
TYP. 0.300 2 PLCS. 0.045 (1.14) 
e+ aa 0.025 (0.66) 


0.030 (0.76) 
MIN. 


0.740 0 (18.80) 


mm 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F16 
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Packaging Information 


32-LEAD CERAMIC FLAT PACK TYPE F 


1.228 (31.19) 


1.000 (25.40) 
PIN 1 INDEX 0.019 (0.48) 
0.015 (0.38) 


1 
i =a ee ae 
SEE Ee ee ee eS) 
0.050 (1.27) BSC 
eS a Cn Ee SS 
0.830 (21.08) MAX. 
REET DR, (a EIT 
DS ee ee ae ee) 
aa ee IS 
Seen a 


0.488 


__ 0.488 0.120 (3.05) 
0.007 (0.18) 0.430 (10.93) 0.090 (2.29) 
0.004 (0.10) . 

} x 0.370 (9.40) ) | 


0.270 (6.86) 
, 1 
0.347 (8.82) 0.045 (1.14) 


0.330 (8.38) 0.026 (0.66) 


NOTE: ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 


3926 FHD F20 
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Packaging Information 


32-PIN DUAL-IN-LINE PACKAGE 
CERAMIC LEADLESS CHIP CARRIERS 
ON SIDE BRAZED CERAMIC SUBSTRATE 


600 (15.24) 
580 (14.73) 


PIN 1 


siataiadadal4rtabaiaiaiadads 
Tm | 


ee 


a || 018+ 002 .018 + .002 .100 + .005 TYP. 


(.46 + .05) (2.54 + .13) 
1.500 + .008 
(38.10 + .20) 
TOL. NON. ACCUM. 


| 600 + .010° | 


(15.24 + .25) 


NOTES: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. DIMENSIONS WITH NO TOLERANCE FOR REFERENCE ONLY 


3926 FHD F12 
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Packaging Information 


32-LEAD CERAMIC SMALL OUTLINE GULL WING PACKAGE TYPE R 


“™. 


\ SEE DETAIL “A” 
= FOR LEAD 
/ INFORMATION 


0.840 0.560" 


MAX. 


_ 0.440 MAX. _, 


0.560 NOM. 


NOTES: 
1. ALL DIMENSIONS IN INCHES 


TYPICAL 


FOOTPRINT 


0.060 NOM. 


0.020 MIN. 
0.015 RTYP. 


0.165 TYP. 


0.015R 


TYP: 0.035 MIN. 


DETAIL “A” 


1 b= ryeicat 
CELL ae 


0.050" 


EERRRERRRRR ER EEG 
=f 


0.030" TY PICAL 
32 PLACES 


2. FORMED LEAD SHALL BE PLANAR WITH RESPECT TO ONE ANOTHER WITHIN 0.004 INCHES 
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3926 FHD F27 


Sales Offices 


U.S. SALES OFFICES 


Northeast Area 

Xicor, Inc. 

1344 Main Street 

Waltham, Massachusetts 02154 
Phone: 617/899-5510 

Fax: 617/899-6808 


Southeast Area 

Xicor, Inc. 

201 Park Place 

Suite 203 

Altamonte Springs, Florida 32701 
Phone: 407/767-8010 

Fax: 407/767-8912 


Mid-Atlantic Area 

Xicor, Inc. 

50 North Street 

Danbury, Connecticut 06810 
Phone: 203/743-1701 

Fax: 203/794-9501 


North Central Area 

Xicor, Inc. 

953 North Plum Grove Road 
Suite D 

Schaumburg, Illinois 60173 
Phone: 708/605-1310 

Fax: 708/605-1316 


South Central Area 
Xicor, Inc. 

9330 Amberton Parkway 
Suite 137 

Dallas, Texas 75243 
Phone: 214/669-2022 
Fax: 214/644-5835 


Southwest Area 

Xicor, Inc. 

4100 Newport Place Drive 

Suite 710 

Newport Beach, California 92660 
Phone: 714/752-8700 

Fax: 714/752-8634 


Northwest Area 

Xicor, Inc. 

2700 Augustine Drive 

Suite 219 

Santa Clara, California 95054 
Phone: 408/292-2011 

Fax: 408/980-9478 


INTERNATIONAL SALES OFFICES 


Northern Europe Area 
Xicor, Ltd. 

Hawkins House 

14 Black Bourton Road 
Carterton 

Oxford 0X8 3QA 

United Kingdom 

Phone: (44) 993/844.435 
Telex: (851) 838029 
Fax: (44) 993/841.029 


Central Europe Area 

Xicor GmbH 

Technopark Neukeferloh 
Bretonischer Ring 15 

W-8011 Grasbrunn bei Muenchen 
Germany 

Phone: (49) 89/461.0080 

Telex: (841) 5213883 

Fax: (49) 89/460.5472 


Xicor GmbH (Korntal) 
Steinbeisstrasse 9 
W-7015 Korntal 1 
Germany 

Phone: (49) 711.83.76.36 
Fax: (49) 711.83.80.521 


Southern Europe Area 
Xicor Sarl 

27 Avenue de Fontainebleau 
94270 Le Kremlin Bicetre 
France 

Phone: (33) 1/46.71.49.00 
Telex: (842) 632160 

Fax: (33) 1/49.60.03.32 


Japan Area 

Xicor Japan K.K. 

Suzuki Building, 4th Floor 
1-6-8 Shinjuku, Shinjuku-ku 
Tokyo 160 

Japan 

Phone: (81) 3/3225.2004 
Fax: (81) 3/3225.2319 


Korea/Taiwan/Hong Kong Area 
Xicor, Inc. 

4100 Newport Place Drive 

Suite 710 

Newport Beach, California 92660 
Phone: 714/752-8700 

Fax: 714/752-8634 


Singapore/Malaysia/India Area 
Xicor, Inc. 

2700 Augustine Drive 

Suite 219 

Santa Clara, California 95054 
Phone: 408/292-2011 

Fax: 408/980-9478 


( ) = Country Code 
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Product Literature Mail List 


1. Is the information you received adequate? 
[] Yes L} No 


2. What additional information do you need? 


3. Have you been contacted by a Xicor sales 


representative ? 
11 Yes [} No 
4. If not, would you like a Xicor sales representative 
to call you? 
CL] Yes LC} No 
Phone No: ( _ Ext, 


5. What distributor do you buy from? 


® 


7. Please select the descripton below that best matches your 
interest and circle all that apply under each category. 


A. My Job Functionis: 

. Corporate Management 
. Operations Management 
. Engineering Management 
. Components Engineer 

. Design Engineer 

. Purchasing 

. Marketing 

. Consultant 

. Library 

10. Other 


OMONONAAWND — 


B. My Product Application is: 
1. Industrial Control 

2. Commercial 

3. Military 

4. Computer 

5. Instrumentation 

6. Telecommunications 
7. Consumer 

8. Automotive 

9. Medical 
0. 


10. Other 


C. My Primary Product Interest is: 


1. Byte-Wide NOVRAMs 
2. Nibble-Wide NOVRAMs 
3. Serial NOVRAMs 

4. Serial E2-PROMs 


6. 256K, 512K,1MEG E2PROMs 
7. E2 Potentiometers 

8. E2Microcontroller Peripherals 
9. Memory Subsytems 


6. What is your time requirement? 5. 4K, 16K, 64K, E2PROMs 10. Military 

L] Immediate (J) 3-6 months 

O 1-3 months 1] 6-12 months Thank You 
Name Title 
Company 
Address Mail Stop 
City State Zip 
Country Country Code 

3928 


Product Literature Mail List 


1. Is the information you received adequate? 
(] Yes L] No 


2. What additional information do you need? 


3. Have you been contacted by a Xicor sales 


representative? 
CL] Yes [} No 
4. If not, would you like a Xicor sales representative 
to call you? 
L] Yes LC] No 
Phone No: ( ) Ext: 


5. What distributor do you buy from? 


7. Please select the descripton below that best matches your 


interest and circle all that apply under each category. 


A. My Job Function is: 

. Corporate Management 
. Operations Management 
. Engineering Management 
. Components Engineer 

. Design Engineer 

. Purchasing 

. Marketing 

. Consultant 

. Library 

10. Other 


OANOAARWN — 


B. My Product Application is: 
1. Industrial Control 
2. Commercial 
3. Military 
4. Computer 
5. Instrumentation 
6. Telecommunications 
7. Consumer 
8. Automotive 

. Medical 


ce) 


10. Other 


C. My Primary Product Interest is: 


1. Byte-Wide NOVRAMs 
2. Nibble-Wide NOVRAMs 
3. Serial NOVRAMs 

4. Serial E2-PROMs 


6. 256K, 512K,1MEG E2PROMs 
7. E2 Potentiometers 

8. E2 Microcontroller Peripherals 
9. Memory Subsytems 


6. What is your time requirement? 5. 4K, 16K, 64K, E2PROMs 10. Military 
[] Immediate L] 3-6 months 
1 1-3 months [] 6-12 months Thank You 
Name __ Title 
Company 
Address Mail Stop 
City State Zip 
Country Country Code 


3928 


® 


XICOR, Inc. 

1511 Buckeye Drive 
Milpitas, California 95035 
(408) 432-8888 
TWX 910-379-0033 
Fax (408) 432-0640 


